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This paper updates and extends previous critical evaluations of the kinetics and 
photochemistry of gas phase chemical reactions of neutral species involved in atmo
sphere chemistry [J. Phys. Chern. Ref. Data 9, 295 (1980); 11, 327 (1982); 13, 1259 
(1984); 18, 881 (1989)]. The work has been carried out by the authors under the 
auspices of the IUP AC Subcommittee on Gas Phase Kinetic Data Evaluation for 
Atmospheric Chemistry. Data sheets have been prepared for 1189 thermal and pho
tochemical reactions, containing summaries of the available experimental data with 
notes giving details of the experimental procedures. For each reaction, a preferred 
value of the rate coefficient at 298 K is given together with a temperature depen
dence where possible. The selection of the preferred value is discussed, and esti
mates of the accuracies of the rate coefficients and temperature coefficients have 
been made for each reaction. The data sheets are intended to provide the basic 
physical chemical data needed as input for calculations which model atmospheric 
chemistry. A table summarizing the preferred rate data is provided, together with 
an appendix listing the available data on enthalpies of formation of the reactant and 
product "pecies. 

Key words: air pollution; atmospheric chemistry; chemical kinetics; data evaluation; gas phase; photo
absorption cross-section. photochemistry; quantum yield; rate coefficient. 
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1. Preface 

This paper is the fourth supplement to the original set 
of critically evaluated kinetic and photochemical rate 
parameters for atmospheric chemistry, published by the 
CODATA Task Group on Gas Phase Chemical Kinetics 
in 19801 and subsequently updated by the first supple
ment in 1982/ and the second supplement in 1984.3 The 
original evaluation and the first two supplements were 
primarily intended to furnish a kinetic data base for mod
eling middle atmosphere chemistry (10-55 km altitude). 

In 1985 the International Union of Pure and Applied 
Chemistry (IUP AC) set up a group to continue and en
large upon the work initiated by CODATA. The Subcom
mittee on Gas Phase Kinetic Data Evaluation for 
Atmospheric Chemistry is chaired by J. A. Kerr and is 
part of the Commission on Chemical Kinetics (I.4) of the 
IUP AC Physical Chemistry Division. 

This subcommittee produced the third supplement in 
1989,4 in which the original data base was extended and 
updated to include more reactions involved in tropo
spheric chemistry. Since it was not possible to cope with 
all of the very large number of chemical reactions in
volved in tropospheric chemistry, it was decided to limit 
the coverage to those organic reactions for which kinetic 
or photochemical data exist for species containing up to 
three carbon atoms. The present fourth supplement has 
continued this policy in considering the reactions of or
ganic species. 

This publication differs from the previous supplements 
in that here we provide a data sheet for each reaction 
whether or not new data have been published since the 
previous publication. For reactions for which no new data 
have been published since the last data sheet was pre
sented, we have largely reproduced that data sheet, 
merely updating the Reviews and Evaluations. For reac
tions for which new data have subsequently appeared 
since the data sheet was last published, we have followed 
our previous practice of listing only the new data, to
gether again with updated Reviews and Evaluations. We 
have also prepared a large number of data sheets for 
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4.3. Nitrogen Species. . . . . . . . . . . . . . . . . . . . .. 1175 
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5. Appendix 1. Enthalpy Data ................. 1556 

"new" reactions, which were not previously included in 
our evaluations. 

For each reaction the data sheet includes the preferred 
rate coefficient with a statement of the error limits, a 
comment giving the basis for the recommendation, and a 
list of the relevant references. To the extent that this in
formation suffices, the reader can use this publication 
without need to refer to the previous publications. How
ever, it should be noted that in preparing the updated 
data sheets, we have not listed all of the previous data 
contained in the original evaluation 1 and the three sup
plements.2-4 Consequently, for many reactions, to obtain 
the overall picture and background to the preferred rate 
parameters the present supplement must be read in con
junction with its predecessors. l

-4 

It should also be noted that a number of reactions con
tained in our previous -evaluations have been omitted 
from the data sheets in this evaluation, on the grounds 
that they are unimportant in atmospheric chemistry. 
These reactions are, however, still included in the Sum
mary of Reactions, where, for each, the entry from the 
1989 publication4 is given, with a reference to the most 
recent evaluation containing a data sheet. 

Unfortunately it has not been possible for us to include 
an evaluation of atmospheric heterogeneous reactions in
volving aerosol particles, now known to play an important 
role particularly in the chemistry of nitrogen and chlorine 
in the stratosphere. We intend to evaluate such reactions 
in our next updated review. In the meantime we have 
omitted from the Summary Table and the data sheets our 
previous evaluations of the homogeneous gas-phase reac
tions CION02 + H20 -+ HOCI + HON02 and CION02 
+ HCI -+ Ch + HON02• The experimental data re~ 
ported for these gas-phase reactions are influenced by 
the much more rapid heterogeneous reactions. The data 
indicate that the gas-phase reactions are too slow to be 
significant. 

The cutoff point for literature searching for this sup
plement was May 1991. As in our previous evaluations, 
we also include data which were available to us in 
preprint form at that point. 



2. Summary of Reactions and Preferred Rate Data 

Page k298 Temp. dependence of Temp. A(E/R)/ 
number Reaction cm3 molecule - I S - I Alog k298 klcm3 molecule - I S-I range/K K 

Ox Reactions 

" 1148 o + O2 + M - 0 3 + M 6.0 X lO-34 [02] (ko) ±0.05 6.0 x 1O-34(T/300)-28[02] 100-300 An = ±0.5 Z 
5.6 x lO-34 [N2] (ko) ±0.05 5.6 x lO-34(T/300)-2.8[N2] 100-300 An = ±0.5 m 

-f 
o + O2 - 0 3* See previous evaluation (; 
0 3* + M - 0 3 + M See previous evaluation » 

1149 o + 0 3 - 202 8.0 X lO-15 ±0.08 8.0 x lO-12exp( - 2060IT) 200-400 ±200 Z 
o + 03* - products See pJevious evaluation C 

1150 O(ID) + O2 - OCP) + O2 4.0 X lO-11 ±0.05 3.2 x lO-lIexp(67/T) 200-350 ±100 " 
1151 O('D) + 0 3 - O2 + 20CP) 1.2 x lO-1O ±0.1} 

:r: 
2.4 x 10- 10 lO0-400 Alog k = ± 0.05 0 

- 202CIg-) 1.2 x lO- III ±0.1 -f 
1152 O2 * + 0 3 - 0 + 2 02 See data sheet 0 
1152 02('Ag) + M - 02CIg-) + M 1.6 X lO-18 (M = O2) ±0.2 3.0 x lO-18 exp( - 200/T) lO0-450 ±200 

0 :r: 
~ 1.4 x 10- 19 (M = N2) m 
5 x to- 18 (M = H2O) ±0.3 3: 
~ 2 X lO-2O (M = CO2) 0 » 

02('I;) + M - 02CIg-) + M See pIevious evaluation r-
02('I;) + 0 3 - products See pIevious evaluation C 
02(,I!)* + O2 - 02(II!) + O2 See previous evaluation ~ 

1153 O2 + h v - products See data sheets' )0 

1155 0 3 + h v - products See data sheets ." 
0 
:u 

HOx Reactions ~ 
3: 

1157 H + H02 - H2 + O2 5.6 X lO-12 ±0.5 5.6 x lO-12 245-300 Alog k ±0.5 0 

~'f -2HO 7.2 x lO-11 ±0.1 7.2 x lO-11 245-300 Alog k ±0.1 
tb 

" ." - H20 + 0 2.4 X lO-12 ±0.5 2.4 x 10- 12 245-300 Alog k ±0.5 :r: 
::r 1158 H + O2 + M - H02 + M 6.2 x lO-32[N2] (ko) ±0.05 6.2 x lO-3~T/300)-16[N2] 200-600 An = ±0.6 m 
'< :u 
~ 7.5 x lO-1I (k<x) ±0.3 7.5 x lO-1I 200-300 An = ±0.6 (; 
0 Fe = 0.55 APe = ±0.15 Fe = exp( - T /498) 200-300 ::r 0 
CD H + 0 3 - HO + O 2 See plevious evaluation 3 :r: 

H + 0 3 - HO· + O2 See plevious evaluation m 
::u 3: 
~ o + H2 - HO + H See previous evaluation 

CD 
C 1159 o + HO - O2 + H 3.3 X lO-11 ±0.1 2.3 x lO-lIexp(llO/T) 220-500 ±100 -f 
AI 1160 o + H02 - HO + 02 5.8 X lO-11 ±0.08 2.7 x lO- Ilexp(224/T) 200-400 ±100 :u 
S' 
~ 1161 o + H202 - HO + H02 1.7 X lO-15 ±0.3 1.4 x lO-12exp( - 2000/T) 250-390 ±lOOO -< 
~ 1162 O('D) + H2 - HO + H 1.1 x lO- 10 ±0.1 1.1 x 1O- 1l1 200-350 ±100 

~ 1163 O(ID) + H20 - 2 HO 2.2 X lO-IO ±0.1 2.2 x 10- 10 200-350 ±100 
1164 HO + H2 - H20 + H 6.7 X lO-15 ±0.1 7.7 x 1O-12exp( -2100IT) 200-450 ±200 

z HO + H 2(v=l) - H 20 + H See previous evaluation !l 
sn 1165 HO + HO - H20 + 0 1.9 X lO-12 ±0.15 4.2 x lO- l2exp( - 240/1) 250-500 ±240 

..&. ..... ..&. 
CD 
CD ~ 
N ..... 



~ 2. Summary of Reactions and Preferred Rate Data - Continued 
.-. 
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=r I\) 

'< co 
!" 
0 
:T Page k298 Temp. dependence of Temp. A(E/R)/ ell 

~ number Reaction cmJ molecule - I S - I Alog k298 k/cm3 m()lecule- I S-I range!K K 
::r:J 
~ 1165 HO + HO + M - H20 2 + M 8 x lO-31[N2] (ku) ±0.3 8 x lO-H(T/300)-u'~[N2] 200-300 An = ±0.5 
C 3 x lO-1I (ka:) ±0.3 3 x lO- I 200-300 An = ±0.5 

~ Fc = 0.5 Fc = 0.5 200-300 

< 1167 HO + H02 - H20 + O2 1.1 x lO- HI ±0.1 4.8 x lO- Ilexp(250/r) 250-400 ±200 
~ 1168 HO + H20 2 - H20 + H02 1.7 X 10- 12 ±0.1 2.9 x lO- 12exp( - 1 tOfT) 240-460 ±100 
~ 1169 HO + 0 3 - H02 + O2 6.7 X lO-14 ±0.15 1.9 x lO-12exp( -lCOO/T) 220-450 ±300 

z HO' + M - HO + M See previous evaluation 
p HO' + 03 - products See previous evaluation 
51» 1170 H02 + H02 - H20 2 + O2 1.6 X lO-12 ±0.15 2.2 x lO-l3exp( 600/r) 230-420 ±200 .... 1170 H02 + H02 + M - H202 + O2 + M 5.2 X lO-32 [N2] ±0.15 1.9 x lO-33exp(980/r)[N2] 230-420 ±300 CD 
CD 4.5 X 10- 32 [02] ±0.15 N 

See data sheets for effect of H2O 
1171 H02 + 0 3 - HO + 2 O2 2.0 X 10- 15 ±0.2 1.4 x lO- 14exp( - 6CfJ/T) 250-350 +500 

-100 
1172 H20 + hv - HO + H See data sheets 

~ 1173 H20 2 + h v - 2 HO See data sheets 

" Z 
(J) 

NOx Reactions 0 
Z 

1175 o + NO + M - N02 + M 1.0 X lO-31 [N2] (kn) ±0.1 1.0 x lO-31(T/300)-1.6[N2] 200-300 An = ±0.3 rn 
3.0 x lO-1I (ka:) ±0.3 3.0 x lO-II(T/300)".1 200-1500 An = ±0.3 

.... 
):. 

Fc = 0.85 APe = ±0.1 Fe = exp( -T/1850) 200-300 r-
1176 o + N02 - O2 + NO 9.7 X lO-12 ±0.06 6.5 x lO-12exp(120/T) 230-350 ±120 
1177 o + N02 + M - N03 + M 9.0 X lO-32 [N2] (kll) ±0.1 9.0 x lO-32(T/300)-2'()[N2] 200-400 An = ±1 

2.2 x 10- 11 (ka:) ±0.2 2.2 x lO-11 200-400 An = ±0.5 
Fc = 0.8 APe = ±0.1 Fc = exp('-T/1300) 200-400 

1178 o + N03 - O2 + N02 1.7 X 10- 11 ±0.3 
o + N20S - products See previous evaluation 

1178 0('0) + N2 - OCP) + N2 2.6 X lO-1I ±0.1 1.8 x lo-lIexp(107/T) 200-350 ±100 
1179 0('0) + N20 - N2 + O2 4.4 X lO-1I ±0.15 4.4 x 10- 11 200-350 ±100 

-2NO 7.2 x lO-1I ±0.15 7.2 x 10- 11 200-350 ±100 
N + HO - NO + H See previous evaluation 
N + 02 - NO + 0 See previous evaluation 
N +·02('Ag) - NO + 0 See previous evaluation 
N + 0 3 - NO + O2 See previous evaluation 
N + NO -+ N2 + 0 See previous evaluation 
N + N02 -+ N20 + 0 See previous evaluation 

1181 HO + NH3 -+ H20 + NH2 1.6 X lO-13 ±0.1 3.5 x 1O-12exp( -925/T) 230-450 ±200 
1181 HO + HONO -+ H20 + N02 4.9 X 10- 12 0.3 1.8 x lO-" exp( - 390fT) 280-340 ±400 
1182 HO + HON02 - H20 + NO.1 1.5 X 10- 13 (1 bar) 0.1 See data sheets 
1183 HO + H02N02 - products 5.0 x 10- 12 0.2 1.5 x 10- 12exp(360/r) 240-340 +3()() 

-600 



2. Summary of Reactions and Preferred Rate Data - Continued 

Page k298 Temp. dependence of Temp. tl(E/R)/ 
n'Jmber Reaction cm3 molecule - 1 S-I tllog k2J8 k/cm3 molecule - 1 s-\ range/K K 

1184 HO + NO + M - HONO + M 7.4 X LO- 31 [N2] (k ll ) ±0.1 7.4 x lO-31(T/300)-2.4[N2J 200-300 tJn ::::: ±0.5 
3.2 x LO- II (k,.,) ±0.3 3.2 x 10- 11 200-400 tllog k ::::: ± 0.3 " Fe = 0.8 Z 

1185 HO + N02 + M - HON02 + M 2.6 X LO-:lO [N2] (ko) ±0.1 2.6 x lO-30(TI300)-29[N2] 200-300 tJn ::::: ±0.5 m 
-t 

6.0 x LO- II (kac) ±0.1 6.0 x lO-1I 200-300 tJn ::::: ±0.5 0 
Fe = 0.43 » 

1186 HO + N03 - H02 + N02 2.3 X LO- " ±0.2 Z 
1187 H02 + NO - HO + N02 8.3 X LO- 12 ±0.1 3.7 X lO-12e"p(240/T) 230-500 ±100 C 
1188 H02 + N02 + M - H02N02 + M 1.8 X LO- 31 [N2] (ko) ±0.1 1.8 X lO-31(T/300)-32[N2] 200-300 tJn ::::: ±1 "tJ 

4.7 X LO- 12 (kac) ±0.2 4.7 X lO-12 200-300 tJn ::::: ±1 % 
0 

Fe = 0.6 Fe ::::: 0.6 .... 
1189 H02N02 + M - H02 + N02 + M 1.3 X LO- 20 (N2] (ku/S - ' ) ±0.3 5 X lO-6exp( -lOOOO/TIN2] 260-300 ±500 0 

0 
0.34 (kac/s- ' ) ±0.5 2.6 X 101Sexp( - lO9(011) 260-300 ±500 % 
Fe ::::: 0.6 m 

1190 H02 + N03 - O2 + HON02 } 4.3 X LO-12 
s: 

- HO + N02 + O2 
±0.2 0 » 

NH2 + HO - pro<hcts See previous evaluation r-
C NH2 + H02 - products See previous evaluation 
~ 1191 NH2 + O2 - products <3 X lO-18 

1192 NH2 + 0 3 - products 1.7 X LO-13 ±0.5 4.9 X 10- 12e"p( -lOOO/T} 250-380 :!:500 » 
1193 NH2 + NO - products 1.6 X LO-II ±0.2 1.6 X lO-II(T/298)-I.S 210-500 tJn ::::: ±0.5 'TI 

0 
1194 NH2 + N02 - procucts 2.0 X LO- II ±0.2 2.0 X lO-II(TI298)-20 250-500 tJn ::::: ±0.7 l:J 
1195 2 NO + O2 - 2 N02 2.0 X LO-38 (cm6 molecule-2 S-I) ±0.1 3.3 X lO-39e1Cp(530/T) 273-600 :!:400 ~ 1196 NO + 0 3 - N02 + 02 1.8 X LO- 14 ±0.08 1.8 x 10-'2exp( -1370IT) 195-304 ±200 !: 
1197 NO + NO:! - 2 N02 2.6 X LO-II ±0.1 1.8 x lO-lIe"p(llO/T) 220-400 :!:100 0 
1198 N02 + 0 3 - NO:! + 02 3.2 X LO- 17 ±0.06 1.2 x lo- 13e"p( - 24501T) 230-360 :!:150 (J) 

~ 1199 N02 + N03 + M - N20s + M 2.7 x LO-30[N2] (kn) ±O.l 2.7 x 1O-3°(Tl300)-:!·4[N2] 200-400 tJn ::::: ±0.5 "tJ 
% ." 2.0 X LO- 12 (koc) ±0.2 2.0 x 1O- '2(r/300)02 200-500 tJn ::::: ±0.6 m ::T 

'< Fe = 0.33 Fe ::::: [exp( -TI250) + 200-500 l:J 
~ 0 0 exp( - 1050/1)] 
::T 1200 N10 S + M - N02 + N03 + M 1.6 X 10- 19[N2] (kills-I) ±0.2 2.2 x 10-3(1/300)-4.4 220-300 tJn ::::: ±0.5 0 CD 

? exp( - 11080IT)[N2] 
% 
m 

:u 6.9 x 10-2 (k,,,'/s-') ±O.3 9.7 x lOI4(T/300)O I 200-300 tJn ::::: ±0.2 s: 
~ exp{ -ll080/T) en c Fc ::::: 0.33 Fe ::::: [exp( -T/250) + 200-300 .... 
Q) l:J 
~ exp( - lO50/1)] -< 
< 1201 N20 S + H20 - 2 HON02 <2 X lO-21 
~ 1202 HONO + h V - products See data sheets 
~ 1204 HON02 + h v - products See data sheets 

Z 1205 H02N02 + hv - products See data sheets 
p NO + hv - products See prtvious evaluation 
~ 1206 N02 + h v - products See data sheets ..... 
~ 

1208 N03 + hv - products See data sheets ..... 
U) 

I\) CD ..., CD 



~ 2. Summary of Reactions and Preferred Rate Data - Continued 
.... 

" 
.... 

:t' 
(-.) 

'< 0 
!" 
0 
:t' Page k298 Temp. dependence of Temp. Il(E/R)/ 
CD 

~ number Reaction cm3 molecule - 1 S - 1 lliog k298 k/cm3 molecule-I S-I range/K K 
:u 
~ 1212 N20 + h v - products See data sheets 
C 1213 N20S + hv - products See data sheets ; 
< 
~ Organic Reactions 
N 
w" 

1214 o + CH3 - HCHO + H 1.4 )( 10- 10 1.4 X 10- HI 
z ±0.1 200-900 ±loo 
!:> o + CN - CO + NeD) See previous evaluation 
!It - CO + NeS) See previous evaluation .. 1215 O(lD) + C~ - HO + CH~ 1.35 x 10- 111 ±0.1 1.35 x 10- 10 200-300 ±loo co co -HCHO + H2 1.5 )( 10- 11 ±0.1 1.5 x 10- 11 200-300 ±loo N 

1216 HO + Cf4 - H20 + CH3 7.0 )( 10- 15 ±O.1O 3.9 x 1O- 12exp( -1885IT) 240-300 ±loo 
1217 HO + C2H2 + M - C2H20H + M 5 x 1O-3ItN2] (kn) ±0.1 5 x 1O-3°(T/300) - t.S[N2] 200-300 fln = ± 1.5 

9.0 )( 10- 13 (k~) ±0.1 9.0 x 1O- 13(T/300)2 200-300 fln = ±1 
Fe = 0.62 Fe = exp( - T /623) 200-300 

~ 1219 HO + C2f4 + M - C2f40H + M 7 x 1O-29[N2] (kn) ±0.3 7 x 10- 2'(T/3OO)-3.I[N2] 200-300 lln = ±2 
9 x 10- 12 (ke.:) ±0.3 9 x 10- 12 200-300 lln = ±0.5 " Z Fe = 0.7 UJ 

1221 HO + C2H6 - H20 + C2Hs 2.5 )( 10- 13 ±O.1O 7.8 x 1O- '2exp( -1020IT) 240-300 ±100 0 
1222 HO + C3H6 + M - C3H60H + M 8 x 1O-27[N2] (ko) ±1 8 x 1O-2'(T/300)-3.S[N2] 200-300 fln = ±1 Z 

3.0 )( 10- 11 (k..,) ±0.1 3.0 x 10- 11 200-300 fln = ±1 h1 
Fe = 0.5 

.... 
:.. 

1223 HO + C3H8 - H20 + C3H, 1.14 X 10- 12 ±0.10 9.8 X 1O- 12exp( -640IT) -300 ±150 r-
1225 HO + CO - H + CO2 1.5 )( 10- 13 (1 + 0.6 P/bar) ±0.1 1.5 X 10-13(1 + 0.6 P/bar) 200-300 ±300 
1226 HO + HCHO - H20 + HCO 9.6 )( 10- 12 ±0.10 8.8 X 10- 12exp(25/T) 240-300 ±150 
1227 HO + CH3CHO - H20 + CH3CO 1.6 )( 10- 11 ±O.1O 5.6 X 1O- 12exp(31O/T) 240-530 ±200 
1228 HO + C2HsCHO - products 2.0 )( 10- 11 ±0.15 
1229 HO· + (CHO)2 - products 1.1 )( 10- 11 ±0.3 
1229 HO + HOCH2CHO - H20 + HOCH1CO 8.0 )( 10- 12 ±0.3 

- H20 + HOCHeHO 2.0 )( 10- 12 ±0.3 
1230 HO + CH3COCHO - H20 + CH3COCO 1.7 )( 10- 11 ±0.3 
1231 HO + CH3COCH3 - H20 ~ CH2COCH3 2.3 )( 10- 13 ±0.2 1.7 X 1O- 12exp( -6ooIT) 240-440 ±300 
1232 HO + eH30H - H20 + CH20H 7.8 )( 10- 13 

±0.15} 3.3 X 1O- 12exp( - 380/T) 240-300 ±200 
- H20 + CHJO 1.4 )( 10- 13 ±0.15 

1233 HO + C2HsOH - H20 + CH2CH2OH 1.6 )( 10- 13 ±OolS} 
- H20 + CH3CHOH 2.9 )( 10- 12 ±0.15 4.1 X 1O- '2exp( -70iT) 270-340 ±200 
- H20 + CH3CH20 1.6 )( 10- 13 ±0.15 

1235 HO + n-C3H70H - products 5.5 )( 10- 12 ±0.2 
1235 HO + i -C3H,oH - products 5.7 )( 10- 12 0.2 5.7 x 10- 12 240-440 ±200 
1236 HO + CH3COCH20H - products 3.0 )( 10- 12 0.3 
1237 HO + CH300H - H20 + CH200H 1.9 )( 10- 12 0.2 1.0 x 1O- 12exp(I90IT) 220-430 ±150 

- H20 + CH300 3.6 )( 10- 12 0.2 1.9 x 1O- 12exp(I90/T) 220-430 ±150 
1238 HO + HCooH - products 4.5 )( 10- 13 0.15 4.5 x 10- 13 290-450 ±250 
1239 HO + CH3COOH - products 8 x 10- 13 0.3 
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Page k298 T:mp. dependence of Temp. Il(E/R)1 
number Reaction cm3 molecule - I S - I lliog k298 k!cm3 molecule-I S-I range/K K 

1239 HO + CH30N02 - products 3.5 x 10- 13 (1 bar) ±0.10 1.0 x 1O- 14exp(1060/T) (1 bar) 29{}-4()() ±500 
1240 HO + C2HsON02 - products 4.9 x 10- 13 (1 bar) ±0.15 4.4 x 1O- 14exp(720/T) (1 bar) 290-380 ±500 ,.:: 
1241 HO + n-C3H70N02 - products 7.3 x 10- 13 (1 bar) ±O.lS 7.3 x 10- 13 (1 bar) 290-370 ±SOO Z 
1242 HO + i-C3H70N02 - products 4.9 x 10- 13 (1 bar) ±0.25 m 

-t 
1242 HO + CH3C03N02 - products 1.1 x 10- 13 ±0.2 9.5 x 1O- 13exp( - 6501T) 270-300 ±400 0 
1243 HO + HCN - products 3 x 10- 14 (1 bar) ±O.5 1.2 x 1O- 13( - 400fT) (1 bar) 290-440 ±300 » 
1244 HO + CH3CN - products 2.2 x 10- 14 (1 bar) ±O.lS 8.1 x 1O- 13exp( -1080IT) (1 bar) 250-390 ±200 Z 
1245 H02 + CH302 - O2 + CH3O!H 5.2 x 10- 12 ±0.3 3.8 x 1O-13exp(780IT) 225-580 ±500 0 
1246 H02 + HOCH20 2 - O2 + HOCH202H } 1.2 x 10- II 5.6 x 1O- ISexp(2300IT) ±1500 

""0 
±0.3 275-335 :::E: 

- O2 + HC02H + H2O 0 
1247 H02 + C2Hs02 - O2 + C2Hs0 2H 5.8 x 10- 12 ±0.2 6.5 x 10 - l3exp( 650/T) 240-380 ±200 -t 
1248 H02 + CH.lC03 - O2 + CH3C03H 4.2 x 10- 12 ±0.3 1.3 x 1O- 13exp(1040IT) 250-370 ±5oo 0 

0 
- 0 3 + CH3C02H 1.0 x 10- 11 ±0.3 30 x lO-13exp(1040/T) 250-370 ±5oo :::E: 

1249 H02 + HOCH2CH20 2 - prodLlcts 1.0 x 10- 11 ±0.3 m 
1250 H02 + HCHO - HOCH2OO 7.9 X 10- 14 ±0.3 9.7 x 1O- ISexp(625IT) 275-333 ±6oo s: 
1251 HOCH200 - H02 + HCHO 1.5 x lO2 (k/s-I) ±0.3 24 x lOl2exp( - 7000/T) 275-333 ±2000 0 » 
1252 N03 + C2H2 - products < 1 x lO-16 r 
1252 N03 + C2H4 - products 2.1 x lO-16 ±0.2 33 x 1O- 12exp( - 28801T) 270-330 ±5oo C 
1253 N03 + C3H6 - products 9.4 x lO-IS ±0.2 ~ 
1254 N03 + HCHO - HN03 + HCO 5.8 X 10- 16 ±0.3 » 
1256 N03 + CH3CHO - HN03 + CH3CO 2.7 X lO-IS ±0.2 14 x 1O- 12exp( -1860/T) 260-370 ±500 ." 
1257 N03 + CH30H -+ products 2.4 x 10- 16 ±0.5 13 x 10- 12exp( - 2560/T) 290-480 ±700 0 
1257 N03 + C2HsOH -+ products <2 x lO- IS lJ 

1258 N03 + i-C3H70H - products <5 x 10- 15 ~ 
1258 CH3 + 02 + M -+ CH302 + M 1.0 X 10- 311 [N2] (kn) ±0.2 1.0 x lO-3°(T/300)-:U[N2] 200-300 lln = ±1 s:: 

2.2 x 10- 12 (ka:) ±0.3 2.2 x lO-12(T/300)1.0 200-300 lln = ±1 0 en 
c.. Fc = 0.27 "'0 

" 
1259 C2Hs + O2 -+ C2H.t + H02 3.8 X 10- 15 (1 bar air) ±0.5 :I: 

:r 1.9 x lO-14 (0.133 bar air) ±0.5 m 
'< lJ 
~ 1260 C2Hs + O2 + M -+ C2Hs0 2 + M 5.9 X 10- 29 [N2] (ko) ±0.3 5.9 x lO-29(T/300)-38[N2] 200-300 lln = ±1 Ci 
0 7.8 X 10- 12 (ka:) ±0.2 7.8 x lO-12 200-300 lllog k ±0.2 :r ("l 
CI) Fc = 0.54 Fc = {0.58 exp( - T11250) 200-300 :I: ~ +0.42 exp( - TI1S3)} m 
::rI 

1262 n-C3H7 + O2 + M -+ n-C3H702 + M 8 X 10- 12 (ka:) ±0.2 8 x lO-12 200-300 lllog k ±0.2 s: 
~ in 
c 1263 i-C3H7 + O2 + M -+ j·C3H70! + M 1.1 X 10- 11 (ka:) ±0.3 1.1 x 10- 11 200-300 lliog k ±0.3 ~ 

~ 1263 CH3COCH2 + O2 + M -+ CH3COCH202 + M 1.5 X 10- 12 (ka:) ±0.5 lJ 
1264 HCO + O2 -+ CO + H02 5.5 X 10- 12 ±0.15 5.5 x 10- 12 200-400 ±150 -< 

< 1265 CH3CO + O2 + M - CH3C~ + M 5.0 X 10- 12 (ka:) ±0.5 5.0 x 10- 12 200-300 lllog k ±0.5 ~ 
~ 1265 CH20H + O2 -+ HCHO + H02 9.4 X 10- 12 ±0.12 

1266 CH3CHOH + O2 4 CH3CHO + HO l 1.9 X 10- 11 ±0.3 
z 1267 CH2CH20H + O2 -+ products 3.0 x 10- 12 ±0.3 9 
PJ 1267 CH30 + O2 -+ HCHO + HO: 1.9 X 10- 15 ±0.2 7.2 x 1O- 14exp( -1080/T) 298-610 ±3oo 

1268 C2HsO -i- O2 -+ CfhCHO + H02 9.5 X lO-15 ±0.2 6.0 x lO-14exp( - 550/T) 295-425 ±300 
..... ..... ..... 

U) 
1269 n-C3H70 + O2 -+ C2HsCHO + H02 8 X lO-15 ±0.5 eN U) 

N 8 X to-IS 1.5 x lO- 14exp( - 2oo/n 
..... 

1270 j -C:~H70 + O2 -+ CH,lCOCH,l + H02 ±0.3 290-390 ±2oo 
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:::D 
~ 1270 CH3 + 0 3 -+ products 2.5 x to- 12 ±0.3 5.1 x to-12exp( - 2101T) 240-400 ±2oo :'"' 

c 1271 CH30 + NO + M -+ CH30NO + M 1.6 x to- 29[N2] (ko) ±0.1 1.6 x to-29(T/300)-~.5[N2] 200-400 ~ = ±0.5 a 3.6 x to-II (kee) ±0.5 3.6 x to- II (T/300)-f6 200-400 ~ = ±0.5 ~ 
< Fe = 0.6 
~ 1271 CHJO + NO -+ HCHO + HNO 4 x to- 12 4 X to-'2(T/300)-07 200-400 ~ = ±0.5 
~ 1272 C2HsO + NO + M -+ C2HsONO + M 4.4 X to-II (kee) ±0.3 4.4 x to-II 200:-300 ~ = ±0.5 

z 1272 C2HsO + NO -+ CH3CHO + HNO 1.3 X to-II 
9 1273 i-C3H70 + NO + M -+ i-C~H70NO + M 3.4 X to-II (kee) ±0.3 3.4 X to-II 200-300 ~ = ±0.5 
.sn 1273 i -C3H70 + NO -+ CH3COCH3 + HNO 6.5 X to- 12 ±0.5 .... 1274 CH30 + N02 + M -+ CH;lON02 + M 2.8 X to - 29[N 2] (ko) ±0.3 2.8 X 1O-29(TI300)-4.5[N2] 200-400 ~ = ±1 CD 
CD 2 X to-II (kee) ±0.3 2 X to-II 200-400 ~ = ±0.5 N 

Fe = 0.44 
1274 CH30 + N02 -+ HCHO + HONO See data sheets 
1275 C2HsO + N02 + M -+ C2H~ON02 + M 2.8 X to-II (kee) ±0.3 2.8 X 10-11 200-300 ~ = ±0.5 
1275 C2HsO + N02 -+ CH;lCHO + HONO See data sheets !f 1276 i-C1H70 + N02 + M -+ i-CJH70N02 + M 3.5 X to-II (k",) ±0.3 3.5 X to-II 200-300 ~ = ±0.5 
1276 i -CJH70 + N02 -+ CHJCOCH3 + HONO See data sheets " Z 1276 CH;102 + NO -+ CH30 + N02 7.6 X to- 12 ±0.1 4.2 X to-12exp(180IT) 240-360 ± 180 en 
1277 C2Hs02 + NO -+ C2HsO + N02 8.9 X to- 12 ±0.3 0 
1277 C2Hs0 2 + NO (+ M) -+ C2HsON02 (+M) ~ 1.3 x 1O- 1;l (1 bar) Z 
1278 n-C3H702 + NO -+ n-C3H70 + N02 8.7 X lO-12 ±0.3 ." 
1278 n-C3H702 + NO (+M) -+ n·C3H7ONO! 1.8 x lO-13 (1 bar) ±0.5 

..... 
:b 

(+M) r-
1279 i-C;lH702 + NO -+ i-C;lH70 + N02 8.5 X lO-12 ±0.5 
1279 i-C;lH702 + NO (+M) -+ i-C3H7ON02 3.7 X lO-13 (1 bar) ±0.5 

(-'-M) 
1280 CH3CO;l + NO -+ CH3 + CO2 + N02 2.0 X to-II ±0.2 2.0 x 10-11 280-325 ±600 
1281 CH30 2 + N02 + M -+ CH30 2N02 + M 2.5 x lO - 3°[N 2] (ko) ±0.3 2.5 x lO-;lO(T/300)-5.5[N2] 250-350 ~ = ±1 

7.5 x lO-12 (kee) ±0.3 7.5 x 10-12 250-350 ~ = ±0.5 
Fe = 0.4 

1282 CH302N02 + M -+ CH30 2 + N02 + M 6.8 x 10- 19[N2] (ko/s- I) ±0.3 9 x 1O- 5exp( -9690/T)[N2] 250-300 ±5oo 
4.5 (keels-I) ±0.3 1.1 x 10lf exp( -10560IT) 250-300 ±5oo 
Fe = 0.4 

1283 C2HS02 + N02 + M -+ C2Hs0 2N02 + M 1.3 x to - 29[N 2] (ko) ±0.3 1.3 x to-29(TI300)-6.2[N2] 200-300 ~ = ±l 
8.8 x lO-12 (k",) ±0.3 8.8 X lO-12 200-300 lliog k ±0.3 
Fe = 0.31 Fe = 0.31 250-300 

1285 C2Hs0 2N02 + M -+ C2Hs0 2 + N02 + M 1.4 x 1O- 17[N2] (ko/s- I ) ±0.5 4.8 X 1O-4exp( - 9285IT)[N2] 250-300 ±lOoo 
5.4 (keels-I) ±0.5 8.8 X 10Isexp( - 10441)/T) 250-300 ±1000 
Fe = 0.31 Fe = 0.31 250-300 

1286 CH;lCO;l + N02 + M -+ CH3CO;lN02 + M 2.7 X 1O- 28[N2] (ko) ±0.4 2.7 X 10-2R(T/300)-7.I[N2] 250-300 ~ = ±2 
1.2 X lO-1I (k",) ±0.2 1.2 X lO-II(T/3oo)-U9 250-300 !In = ±l 
Fe = 0.3 
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1287 CH:;CO:;N02 + M --+ CH:;CO:; + N02 + M 1.1 x 1O- 2()[N2] (k('/S-I) ±0.4 4.9 x lO-:;e"p( -12100iT)[Nz] 300-330 ±1000 
6.1 x 10-4 (ka:/s- I) ±0.2 4.0 x 1016eJiP( - 13600/T) 280-330 ±200 " Fe = 0.3 Z 

1288 CH:;02 + NO:; --+ products No recommendation (see data sheets) m ... 
1289 CH,O, + CH,O, - CH,OH + HCHO + 0, } 0 

--+ 2 CH:;O + Oz 3.7 X 10- 1:; ±0.12 1.1 x 10- !3exp(365/T) 200-400 ±2oo 
l-

--+ CH:;OOCH:; + 02 Z 
1291 CH:;Oz + CH:;CO:; --+ CH:;O + CH:;COz 0 

+ O2 5.5 X 10- 12 ±O.S " --+ CH:;C02H + HCHO :r 
0 + Oz 5.5 X lO- IZ ±O.S ... 

1292 HOCH20 Z + HOCHzOz --+ HCOOH + 0 
CHz(OH)z + O2 7.0 X 10- 1:; ±0.3 5.7 x 1O- 14exp(750/T) 275-325 ±750 0 

:r 
--+ 2 HOCHzO + Oz 5.5 X 10- 12 ±0.3 m 

1293 C,H,O, + C,H,O, - C,HsOH + CH,CHO + 0, } 3: 
--+ 2 CzHsO + O 2 5.8 X 10- 14 ±0.12 9.8 x 1O- 14exp( -110/1) 250-450 

+:;O() 0 -100 

--+ CzHsOOCzHs + O 2 
l-r-

1294 CH:;CO:; + CH.1CO:; --+ 2 CH:;C02 + O2 1.6 X 10- 11 ±0.5 2.8 x 1O- 12exp(530/T) 250-370 ±500 0 
1295 HOCH2CH20 Z + HOCH2CH20 2 

~ --+ HOCH2CH20H + HOCH2CHO + O2 1.5 X 10- 12 ±0.3 
--+ 2 HOCHzCHzO + Oz 8.3 X 10- 1:; ±0.3 -n 

1296 n-C,H,O, + n-C,H,O, - n-C,H,oH + } 0 
CZH5CHO + Oz 3 X 10- 13 ±0.5 :u 

--+ 2 n-C:;H70 + O2 ~ 1297 i -C:;H70z + i -C:;H70z --+ i -C:;H7OH 3: 
+ CH.~COCH:; + O2 4.4 X 10- 16 

±0.3 } 0 
--+ 2 i-C,H7O 1.6 x 1O- 12exp( - 22oo/T) 300-400 ±3oo (JJ 

c.. + O 2 5.6 X 10- 16 ±0.3 " :r 
" 1298 CH,COCH,O, + CH,COCH,O, } m ::T 
'< --+ CH:;COCHzOH + CH:;COCHO + Oz ~ 1 X 10- 11 :u 
!II 0 0 --+ 2 CH:;COCHzO + Oz 
::T 1299 RCHOO + HzO --+ RCOOH + H2O 

} 
0 CD ::t ~ 1299 RCHOO + NOz --+ RCHO + NO:; 

~o recommendations (see data sheets) m 
::D 1299 RCHOO + S02 --+ products 3: CD 
:"4' 1299 RCHOO + HCHO --+ products (j; 
C CN + Oz --+ products See previous evaluation ... 
J :u 

1301 0:; + C2Hz --+ products 1 x lO- zo ± 1.0 -< 
< 1302 0:; + Cz~ --+ products 1.7 x 10- 18 ±0.1O 1.2 x 10 - 14exp( - 2630/T) 180-360 ±loo 
~ 1304 0:; + C:;H6 --+ products 1.2 x 10- 17 ±0.15 6.5 X 1O- 15exp( -1880/T) 230-370 ±4oo 
~ 1306 HCHO + h v --+ products See data sheets 
z 1308 CH.1CHO + h v --+ products See data sheets 
9 
$"I .... ..... .... 
CD (,) CD 
N (,) 
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:D 
~ 1309 C2HsCHO + h v ~ products See data sheets 
0 1310 (CHOh + h v ~ products See data sheets ; 1312 CH3COCHO + h v ~ products See data sheets 

< 1313 CH)COCH) + h v ~ products See data sheets 
~ 1315 CH)OOH + h v ~ products See data sheets 

~ 1316 CH)ON02 + h v ~ products See data sheets 

z 1317 C2HsON02 + hv ~ products See data sheets 
!:I 1318 n -C)H70N02 + h v ~ products See data sheets 
51» 1319 i -C3H70N02 + h v ~ products See data sheets 
..... 1320 CH302N02 + h v ~ products See data sheets co 
CD 1321 CH3CO)N02 + h v ~ products See data sheets N 

SOx Reactions 

o + H2S ~ HO + HS See previous evaluation ~ 1323 o + CS ~ co + S 2.1 X 10- 11 ±0.1 2.7 x 1O- lIlexp( -760fT) 150-300 ±250 =" 1324 o + CH3SCH3 ~ CH3SO + CH3 5.0 x 10- 11 ±O.l 1.3 x lO-ll exp(409/T) 270-560 ±loo Z 
1325 o + CS2 ~ SO + CS 3.6 X 10- 12 ±0.2 3.2 x 1O- lIexp( -650fT) 200-500 ±loo en 
1326 o + CH3SSCH3 ~ CH3SO + CH3S 1.3 x 10- 10 ±0.3 5.5 x 1O- llexp(2501T) 290-570 ±loo 0 
1327 o + OCS ~ SO + CO 1.2 X 10- 14 ±0.2 1.6 x lO-llexp( - 21501T) 220-500 ±150 Z 

1328 o + S02 + M ~ S03 + M 1.4 x 1O- 33[N2] (kll ) ±0.3 4.0 x 10-32exp( -lO)OIT)[N2] 200-400 ±2oo ." 
--t 

1329 S + O2 ~ SO + 0 2.1 X 10- 12 ±0.2 2.1 x 10- 12 230-400 ±2oo :b 
1329 S + 0 3 ~ SO + O2 1.2 X 10- 11 ±0.3 r-
1330 Cl + H2S ~ HCI + HS 5.7 X 10- 11 ±0.3 5.7 x 10- 11 210-350 ±lOO 
1331 HO + H2S ~ H20 + HS 4.8 X 10- 12 ±0.08 6.3 x 1O- 12exp( - 80:T) 200-300 ±80 
1332 HO + S02 + M ~ HOS02 + M 4.0 x 1O- 3I[N2] (kn) ±0.3 4.0 x 10-31(T/300)-U[N2] 300-400 b.n = ±1 

Fe = 0.8 
2 x 10- 12 (k .. ) ±0.3 2 x 10- 12 200-300 balog k ±O.3 
Fe = 0.45 

1333 HOS02 + O2 ~ H02 + S03 4.0 X 10- 13 ±0.1 1.3 x lO-12exp( - 331)IT) 290-420 ±200 
1334 HO + OCS ~ products 2.0 x lO-IS ±0.3 1.1 x lO-lJexp( -12I)O/T) 250-500 ±5oo 
1335 HO + CS2 + M ~ HOCS2 + M 8 x 1O- 3I[N2] (ko) ±0.5 8 x 1O-31[N2] 270-300 balog k ±O.5 

8 x 10- 12 (kee) ±0.5 8 x 1O~12 250-300 balog k ±O.5 
Fe = 0.8 

1335 HO + CS2 ~ HS + OCS <2 X 10- 15 

1337 HOCS2 + M - HO + CS2 + M 4.8 x 10- 14[N2] (k(Js- l ) ±0.5 1.6 X 10-6exp( - 5160IT)[N2] 250-300 ±500 
4.8 X lOS (keels-I) ±0.5 1.6 x 1OLlexp{ - 51601T) 250-300 ±500 
Fe = 0.8 

1338 HOCS2 + O2 - products 2.8 x 10- 14 ±0.3 2.8 X lO-14 240-300 balog k ±0.3 
1340 HO + CH3SH - products 3.3 x 10- 11 ±O.1O 9.9 x 10- '2exp(356fT) 240-430 ±100 
1341 HO + CH3SCH3 - H20 + CH2SCH3 4.4 X 10- 12 ±O.1O 9.6 x 1O- 12exp( - 234fT) 250-400 ±300 

~ CH3S(OH)CH3 See data sheets 
1342 HO + CH3SSCH3 - products 2.0 x 10- 10 ±O.10 6.0 x 1O- llexp(380IT) 250-370 ±300 
1343 H02 + S02 - products ~ 1 x 1O- IS 
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1344 N03 + HzS - products <1 x :0- 15 

1344 N03 + CS2 - products < 1 x 10- 15 

" 1345 N03 + OCS - products < 1 x :0- 16 Z 
1345 N03 + SOz - products < 1 x :0- 19 ~ 
1346 N03 + CH::!SH - pJOducts 9.2 x 10- 13 :to.lS 9.2 x 10- 13 250-370 ±400 0 
1347 N03 + CH3SCH3 - products 1.1 x 10- IZ :to.15 1.9 x 1O- 13exp(520IT) 250-380 ±200 » 
1348 N03 + CH3SSCH3 -+ products 7 x 10- 13 :to.3 7 x 10- 13 300-380 ±500 Z 

CH30 Z + S02 - CH30 + S03 See pre'/lous evaluation C 

- CH:l02S02 See previous evaluation ." 

1349 HS + O2 - products ~ 4 x :0- 19 ::I: 
0 

1350 HS + 03 - HSO + Oz 3.7 X 10- 12 :to.2 9.5 x 10 - 12exp( - 280/T) 290-450 ±250 -I 
1351 HS + NO + M - HSNO + M 2.4 x 1O- 31[N2] (ku) :to.3 2.4 x 1O-:l I(T/300)-2.5[1'Z] 200-300 tJ.:l = :t1 0 

0 2.7 X 10- 11 (ka:) :to.5 2.7 x 10- 11 200-300 tJ.log k :to.S ::I: 
Fe = 0.5 m 

1352 HS + N02 - HSO + NO 5.8 X 10- 11 :to.3 2.6 x 10 -llexp(240/T) 220-450 ±200 3: 
1353 HSO + O2 - products ~ 2.0 X 10- 17 (; 

» 1353 HSO + 03 - products 1.1 x 10- 13 :to.3 r 
1354 HSO + NO - products ~ 1.0 X 10- 15 

C 
1355 HSO + N02 - products 9.6 x 10- 12 :to.3 ~ 
1355 HSOz + Oz - products 3.0 X lO- n ±0.8 » 
1356 SO + O2 - S02 + 0 6.7 X 10- 17 ±0.15 1.4 X lO- 13exp( - 2280/1) 230-420 ±500 -n 
1357 SO + 0 3 - S02 + 02 8.9 X 10- 14 ±0.1O 4.5 x 10 - IZexp( - 1170/1) 230-420 ± 150 0 
1357 SO + N02 - S02 + NO 1.4 X 10- 11 ±0.1 1.4 X 10- 11 210-360 ±100 :lJ 

1358 S03 + H20 - products <6 X :0- 15 ~ 
1359 CS + O2 - products 2.9 X 10- 19 ±0.6 3: 
1360 CS + 0 3 - OCS + Oz 3.0 X 10- 16 :to.5 0 
1360 CS + N02 - OCS + NO 7.6 X 10- 17 :to.5 

(f) 
c.. ." 
." 1361 CH3S + Oz - products <2.5 X 10- 18 ::I: 
:r 1362 CH3S + 0 3 - products 4.1 X 10- 12 :to.5 m 
'< :lJ 
CtI 1363 CH3S + NO + M - CH3SNO + M 3.2 X 1O-29[Nz] (ku) :to.3 3.2 x 1O- 29(TI298)-4[Nz] 250-450 A.'t = ±2 0 0 4 X 10- 11 (ka:) :to.5 4 X 10- 11 250-450 tJ.log k = ±0.5 :r 0 CD Fe = 0.50 Fe = exp( - T /580) 3 ::I: 

1364 CH3S + N02 - CH3SO + NO 5.6 X 10- 11 :to.2 m 
::D 

1365 CH3SO + 0 3 - products 1 X 10- 12 :to.7 3: 
~ en 
0 1365 CH3SO + NOz - products 1.2 X l[}-II :to.5 -I 

~ 1366 0 3 + CH3SCH3 - products <1 X 10- 18 :lJ 
1366 OCS + h v - products See data sheets -< 

< 
~ 1368 CS2 + h v - products See data sheets 

~ 1369 CH3SSCH3 + h v - products See data sheets 
1370 CH3SNO + h v - pJOducts See data sheets 

z 
~ 
5ft ..... .... ..... co co Co\) 
N U1 
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:r Page k298 Temp. dependence of Temp. /:1(E/R)/ 
~ 

? number Reaction cm3 molecule - 1 S - 1 /:1log k298 k/cm3 molecule - 1 S - 1 rangeIK K 
::a 
~ FOx Reactions 
c a 1372 o + FO ~ O2 + F 5 X 10- 11 ±0.5 .!» 
< 1372 o + F02 ~ O2 + FO 5 X 10- 11 ±0.7 
~ 1372 OeD) + HF ~ HO + F } x 10- to ±0.5 
~ ~ OCP) + HF 

z 1373 OeD) + COF2 ~ CO2 + F2 2.2 X 10- 11 ±0.2 
p ~ OCP) + COF2 5.2 X 10- 11 ±0.2 
5" 1374 OeD) + CH;lF ~ products 1.4 x 10- III ±0.5 .... 1374 OeD) + CH2F2 ~ products 9 x 10- 11 ±0.5 CD 
CD 1374 OeD) + CHF3 ~ products 8.4 x 10- 12 ±0.5 N 

1374 OeD) + CH3CHF2 ~ products 1 x lO- IO ±0.7 
1374 OeD) + CH3CF3 ~ products 1 x 1O- IO ±0.5 
1374 OeD) + CH2FCF3 ~ products 1 x 10- 10 ±0.7 
1374 OeD) + CHF2CF3 ~ products 5 x 10- 11 ±0.5 !:i 1375 F + H2 ~ HF + H 2.6 X 10- 11 ±0.1 1.4 x 10- lllexp( -500fT) 200-375 ±200 
1376 F + H20 ~ HF + HO 1.4 X 10- 11 ±0.1 1.4 x 10- 11 240-370 ±200 " 1377 F + O2 + M ~ F02 + M 3.7 x 1O- 3l[N2] (kn) ±0.3 3.7 x 1O-B (T/300)-I[N2] 300-400 an = ±0.5 Z 

tJ) 
1378 F02 + M ~ F + O2 + M No recommendation (see data sheets) 0 
1378 F + 0) ~ FO + O2 1.3 X 10- 11 ±0.3 2.8 x lO- " exp( - 230!T) 250-365 ±200 Z 
1379 F + HON02 ~ HF + NO) 2.3 X 10- 11 ±0.1 6.0 x 1O- '2exp(400/T) 260-320 ±200 ITI 

F + N02 + M ~ FONO + M See previous evaluation .... 
)::.. 

1380 F + C~ ~ HF + CH3 8 X 10- 11 ±0.2 3.0 x lO- lllexp( -400!T) 250-450 ±200 r-
1380 HO + CH3F ~ H20 + CH2F 1.7 x 10- 14 ±0.10 3.7 x 1O- '2exp( -16{})/T) 270-340 ±300 
1381 HO + CH2F2 ~ H20 + CHF2 1.1 x 10- 14 ±0.1O 2.0 x 1O- '2exp( -1545/T) 240-300 ±200 
1382 HO + CHF3 ~ H20 + CF3 2.4 X 10- 16 ±0.5 1.0 x 10- 12exp( -2490/T) 270-340 ±500 
1383 HO + CH3CH2F ~ products 2.3 x 10- 13 ±0.3 
1384 HO + CH3CHF2 ~ products 3.6 X 10- 14 ±O.1O 1.0 x 1O- 12exp( -990fT) 240-300 ±200 
1385 HO + CH3CF3 ~ H20 + CH2CF3 1.3 X 10- 15 ±0.15 1.05 x 10- 12exp( - 19~0/T) 240-300 ±300 
1386 HO + CH2FCHF2 ~ products 1.8 x 10- 14 ±0.3 
1386 HO + CH2FCF3 ~ H20 + CHFCF3 4.9 X 10- 15 ±0.2 8.4 x 1O- 13exp( -1535/T) 240-300 ±300 
1387 HO + CHF2CHF2 ~ H20 + CF2CHF2 5.7 X 10- 15 ±0.3 
1388 HO + CHF2CF3 ~ H20 + CF2CF3 1.9 X 10- 15 ±0.2 4.9 x 1O- '3exp( -1655/T) 240-300 ±300 
1389 HO + CF3CHO ~ H20 + CF3CO 1.1 X 10- 12 ±0.3 
1389 FO + 0 3 ~ products No recommendation (see data sheets) 
1390 FO + NO ~ F + N02 2.6 X 10- 11 ±0.3 

FO + N02 + M ~ FON02 + M See previous evaluation 
1391 FO + FO ~ products 1.5 x 10- 11 ±0.3 
1392 COF2 + h v ~ products See data sheets 
1392 HCOF + h v ~ products See data sheets 
1393 CF3COF + hv ~ products See data sheets 



2. Summary of Reactions and Pre1erred Rate Data - Continued 

Page kZ98 Temp. dependence of Temp. A(E/R)/ 
number Reaction cm3 molecule - I S - I ~log kZ98 k/cm3 molecllle - 1 S - 1 rangeIK K 

C10)( Reactions 

" o + HCI -+ HO + CI See previous evaluation Z 
1395 o + HOCI -+ HO + CIO No recommendation (see data sheets) m 

-I 
1395 o + CIO -+ Cl + Oz 3.8 X 10- 11 ±O.1 3.8 X 10- 11 200-300 ±:2S0 0 
1396 o + OCIO -+ Oz ..... ClO 1.0 X 10- 13 ±0.3 2.5 x 1O- 12exp( - 95011) 240-400 ±:300 » 
1397 o + OCIO + M - CI03 + M 1.8 x 1O- 31[N2] (ku) ±0.3 1.8 x 1O-31 (T/298)-I[N2] 250-300 An == ±0.5 Z 

3.1 x 10- 11 (k",,) ±0.3 3.1 x 1O- II (T/298)1 250-300 ~::: ±1 C 
Fe = 0.48 "tJ 

1398 o + ChO -+ CIO + CIO 3.5 x lO- IZ ±0.15 2.9 x lO- lIexp( -630/T) 235-300 ±:200 
::I: 
0 

1399 o + CION02 -+ pIOducts 2.0 x 10- 13 ±0.1 3.0 X 1O- '2exp( -800/T) 213-295 ±:200 -I 
1400 O('D) + CHFzCl -+ products 9.5 x 10- 11 ±0.2 9.5 x 10- 11 175-340 ~log k ±0.2 0 

0 
1400 O('D) + CHFCh -+ products 1.9 x 10- 10 ±0.2 1.9 x 10- 10 175-340 ~log k ±O.2 :::t: 
1400 0('0) + CH3CF2Cl -+ produc:s 1.4 x 10- 10 ±0.3 m 
1400 0('0) + CH3CFCI1 -+ produc's 1.5 x 10- 10 ±0.5 s: 
1400 0(' D) + CHzCICF:, -+ produc:s 1.5 X 10- 10 ±0.3 n » 1400 0(10) + CH2CICF1Cl- prod\lcts 1.6 x 10- HI ±O.3 r 
1400 OCD) + CHFCICF3 - products 1.0 X 10- 10 ±0.5 C 
1400 O(ID) + CHChCF:, -+ products 2.2 x 10- 111 . ±0.3 ~ 
1401 0(' D) + CFzCh -+ products 1.4 x 10- 10 ±0.1 » 
1402 OCD) + CFCh -+ products 2.3 x 10- 111 ±0.1 ." 
1403 O('D) + CC4 -+ products 3.3 x 10- 10 ±0.1 0 
1404 0('0) + COFCI -+ products 1.9 x 10- 10 ±0.3 ::D 

1405 O('D) + COCh -+ products 3.6 x 10- 10 ±0.3 ~ 
1405 CI + Hz -+ HCI + H 1.6 X 10- 14 ±0.1 3.7 x lO- llexp( -2300/T) 200-300 ±:200 3: 
1406 CI + HOz - HCI + 02 3.2 X 10- 11 ±0.2 1.8 x 1O- lIexp(170/T) 250-420 ±:2S0 0 

-CIO + HO 9.1 X 10- 12 ±0.3 4.1 x 10- "exp( - 450/T) 250-420 ±:2S0 
CJ) 

c.. "tJ 
." 1407 CI + H20 Z -+ HCI + H02 4.1 X 10- 13 ±0.2 1.1 x lO- lIexp( - 9801T) 265-424 ±:500 ::I: 
=r 1408 Cl + 02 + M -+ aoo + M 1.4 x 10 - 33[N 2] (kn) ±0.2 1.4 x 1O- 33(T/300)-3.9[Nz] 160-300 An == ±1 m 
'< ::D 
!II 1.6 x 10- 33[Oz] (ko) ±0.2 1.6 x 1O-:n(TI300)-29[02] 160-300 An == ±1 0 0 1409 CIOO + M - Cl T 02 + M 6.2 x 1O- 13[Nz] (kIJS- 1) ±0.3 2.8 x lO- lIlexp( -1820/T)[N2] 200-300 ±:200 =r 0 CD ]410 Cl + 0 3 -+ CIO + Oz 1.2 X 10- 11 ±0.06 2.9 x lO- lIexp( -260/T) 205-298 ±:100 3 :x: 

]411 Cl + HON02 - Hel + NO) <2.0 )( 10- 16 m 
:If s: 
~ 1411 CI + N03 -+ CIO + NOz 2.6 X 10- 11 ±0.3 2.6 x 10- 11 200-300 ±:400 

]412 CI + OCIO -+ CIO + CIO 5.8 x to-II ±O.l 3.4 x to- lIexp(I60IT) 298-450 ±:200 en c ~ a 1413 Cl + CbO - Ch T CIO 9.8 x 10- 11 ±0.1 9.8 x 10- 11 200-300 ±:250 ::D 
I» 

1.0 X 10- 10 1.0 X 10- 10 -< w 1414 Cl + Ch02 -+ Cb + CIOO ±0.3 230-298 ±:300 < 
~ 1415 Cl + CION02 -+ C 2 + N03 1.2 X to-It ±0.12 6.8 x lO- IZexp(l60IT) 219-298 ±:200 
II.) 1416 Cl + C~ -+ HCI + CH3 1.0 X 10- 13 ±0.08 9.6 x lO- IZexp( -1350/T) 200-300 ±:250 
:'" 1417 Cl + CZH2 + M - C2H2CI + M 6 x lO-3ItNz] (ku) ±0.3 6 X 1O-30(T/300)-3.5[Nz] 200-300 An == ±1 z 2.3 x to- IO (k..,) ±0.5 2.3 x 10- 10 200-300 An == ±1 ~ 
!IJ Fe = 0.6 .... 
CO .... 
CD CA 
II.) ...... 
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;i number Reaction cml molecule - I S - I Illog k298 kfcm3 molecule-I S-I range!K K 
::u 
~ 1419 Cl + C2Ht + M - C2H4C1 + M 1.6 x lO-29[air] (leo) ±O.S 1.6 X 1O-29(T/298)-3.5[air] 250-300 !:in = ±1 
C 3 x 10- 10 (k",) ±0.3 3 x 10-10 250-300 !:in = ±1 a 
~ Fe = 0.6 

< 1420 CI + C2H6 - HCI + C2Hs S.9 x lO-1I ±0.06 8.2 x 10- Ilexp( -100fT) 220-600 ±100 
~ 1421 CI + C3H8 - HCl + C"H7 1.4 X lO-1O ±0.12 1.2 X 10 - lIlexp{ 40/T) 220-600 ±200 
N 1422 CI + HCHO - HCI + HCO 7.3 x lO-1I ±0.06 8.2 X 10- Ilexp( - 34/T) 200-500 ±100 ..... 
z 1423 CI + CH"CHO - HCI + CH"CO 7.2 X lO-1I ±O.lS 7.2 X 10- 11 210-340 ±300 
!-> 1424 CI + C2HsCHO -+ products 1.2 X 10- 1ll ±0.3 
J'I 1424 CI + CH;lCOCH" - HCI + CH"COCH2 3.S X lO-12 ±0.3 .... 1425 CI + CH30H - HCI + CH20H S.3 X lO-1I ±0.15 S.3 X 10- 11 200-500 ±200 CD 
CD 1426 CI + C2HsOH -+ products 9.4 X lO-1I ±0.2 N 

1426 CI + n -C"H70H - products 1.5 X lO-1O ±0.2 
1427 CI + i -C"H70H - products 8.4 x lO-1I ±0.3 
1427 CI + CH.100H - products 5.9 X lO-1I ±0.5 
1428 CI + HCOOH - products 2.0 X lO-13 ±0.2 

~ 1428 CI + CH"COOH - products 2.8 X lO-14 ±0.3 
1429 CI + CH"ON02 -+ producls 2.4 x 10- 13 ±0.3 " 1429 CI + C2HsON02 - products 4.7 x lO-12 ±0.2 Z en 
1430 CI + n -C3H70N02 - products 2.7 x lO-1I ±O.2 0 
1431 CI + i-C3H70N02 - products 5.8 x 10- 12 ±0.3 Z 
1431 CI + CH3C03N02 - products <2 x lO-14 ." 
1432 CI + CH.1CN - products ~ 2 x lO-IS """t 

)a 
1433 CI + HCOCI - HCI + CleO 7.8 x lO-13 ±O.lS 1.2 X 10- llexp( -8L5fT) 265-325 ±300 r-
1434 CI + CH3CI - HCI + CHzCI 4.9 x lO-13 ±O.15 3.3 x 10- llexp( -1250fT) 233-322 ±300 
1435 CI + CHzCh - HCI + CHCh 4.1 x 10- 13 ±0.25 8.7 x 1O-12exp( -9LOfT) 270-330 ±400 
1436 CI + CHCh - HCI + CCI:! 7.6 x lO-14 ±O.3 4.9 x 10- 12exp( -1240fT) 240-330 ±400 
1437 CI + CH;lCCh - HCI + CH2CCh <4 x lO-14 

1437 HO + HCI - H20 + CI 8.1 x lO-I" ±O.1 2.4 x 10- IZexp( - 330/T) 200-300 ±150 
1438 HO + HOCI-CIO + HP S.O X lO-13 ±O.S 3.0 x 10- IZexp( - 500/T) 200-300 ±500 
1439 HO + CIO - H02 + CI} 1.7 x lO-1I ±0.2 1.1 x 1O-lIexp(120:T) 200-373 ±150 

-HCI + 02 
1440 HO + OCIO - HOCI + O2 7.0 X lO-12 ±0.3 4.5 x 10- 13exp(800:T) 290-480 ±200 
1441 HO + CIN02 - HOCl + N02 3.S X lO-14 ±O.3 
1441 HO + CION02 -+ products 3.9 x lO-13 ±0.2 1.2 x 10- 12exp( -330fT) 246-387 ±2oo 

1442 HO + CH3CI - H20 + ru2CI 4.3 x lO-14 ±O.10 1.8 x 10- 12exp( -1l15/T) 240-300 ±2oo 

1443 HO + CH2FCI - H20 + CHFCI 4.4 x lO-14 ±O.10 2.0 x 1O-12exp( -1l3SIT) 240-300 ±2oo 
1444 HO + CHF2CI - H20 + CF2CI 4.li x lO-IS ±O.lO 7.8 X 10- 13exp( -1S30/T) 240-300 ±2oo 
1445 HO + CHFCh - H20 + CFCh 3.0 x lO-14 ±O.10 8.8 x 10- 13exp( -101OfT) 240-300 ±200 
1446 HO + CH2Ch - H20 + CHCh 1.4 x lO-13 ±O.lO 4.4 x 10- 12exp( -1[}30fT) 240-300 ±250 
1447 HO + CHCl3 - H20 + CCh 1.0 x lO-13 ±O.lO 3.3 x 10- 12exp( -1[}30IT) 240-300 ±100 

1448 HO + CFCl3 - HOCI + CFCh <5 x lO-18 < 1 x l() -12exp{ - 36501T) 250-480 

1449 HO + CF2Ch - HOCI + CF2CI <7 x lO-18 < 1 x l() - 12exp( - 3540/T) 250-478 

1450 HO + CC4 - HOCI + CQ" <5 x lO-16 < 1 x 10 - 12exp( - 2260IT) 250-300 

1451 HO + C2HCh - products 2.2 x lO-12 ±0.10 S.O x 10- 13exp( 445fT) 230-420 ±200 



2. Summary of Reactions and Preferred Rate Data - Continued 

Page k298 Temp. depelldence of Temp. !:J.(E/R)/ 
number Reaction cm3 molecule-I S-I !:J.log k298 klcm3 molecule - I S - I range/K K 

1452 HO + C2C14 - products 1.7 x 10- 13 ±0.1O 9.4 X 10-12exp( -1200/T) 300-420 ±200 
1453 HO + CH3CF2C1- H20 + CH2CF2C1 3.0 X 10- 15 ±0.1O 9.2 x 10-13exp( -1705/T) 240-300 ±200 " 1454 HO + CH3CFCh - H20 + CH2CFCh 5.9 x 10- 15 ±0.2 7.0 x 10- Dexp( -1425/T) 240-300 ±300 Z 
1455 HO + CH3CCb - H 20 + CH2CCh 9.5 x 10- 15 ±0.10 1.2 x 1O- 12exp( -1440/T) 240-300 ±200 m 

-I 
1456 HO + CH2C1CF3 - H 20 + CHCICF3 1.3 X 10- 14 ±0.2 5.2 x 10- 13exp( -1l00/T) 260-380 ±250 0 
1457 HO + CH2CICF2CI - H20 + CHCICF2Cl 1.6 X 10- 14 ±0.3 3.2 x 1O- 12exp( -1580/T) 250-350 ±500 » 
1458 HO + CHFCICF3 - H20 + CFCICF3 9.5 X 10- 15 ±0.10 5.4 x 1O- 13exp( -1205/T) 240-300 ±200 Z 
1459 HO + CHCI2CF~ - H 20 + CChCF3 3.6 X 10- 14 ±0.15 5.5 x 1O- 13exp(-815/T) 240-300 ±200 C 
1460 HO + CHChCF2CF3 - H20 +- " CCbCF2CF3 2.5 X 10- 14 ±0.15 1.1 x 1O- 12exp( -1l30/T) 270-400 ±300 

::::t 
0 

1460 HO + CHFCICF2CF2Cl - H20 + -I 
CFCICF2CF2C 8.9 X 10- 15 ±0.1O 5.5 x 10- L'exp( -1230/T) 290-400 ±300 0 

0 
1461 HO + CH3CF2CFCh - H20 +- ::::t 

CH2CF2CFCh 2.4 x 10- 15 ±0.3 7.0 X 1O- 13exp( -1690/T) 290-370 ±300 m 
1462 HO + HCOCI - H20 + CICO <5 x 10- 13 s: 
1462 HO + COCb - products <5 x 10- 15 0 » 1463 HO + CH2CICHO - products 3.0 x 10- 12 ±0.3 r 
1463 HO + CHCbCHO - products 2.4 x 10- 12 ±0.3 C 
1464 HO + CCbCHO - H 20 + CCbCO 1.4 x 10- 12 ±0.3 !; 
1464 HO + CH3COCI- H 20 + CH2COCI 9 x 10- 15 ± 1.0 » 
1465 HO + CHF20CHCICF3 - products 2.1 x 10- 14 ±0.5 .,. 
1465 HO + CHF20CF2CHFCI - products 1.6 x 10- 14 ±0.5 6.1 x 10-13exp( -l080/T) 300-430 ±500 0 
1466 N03 + C2HCb - products 2.9 x 10- 16 ±0.3 

::rJ 

1466 N03 + C2C4 - products < 1 x 10- 16 !; 
1467 CIO + H02 - HOCI + 0 2} 5.0 X 10- 12 ±0.15 4.6 x 10- Dexp(710IT) 200-300 ±300 s: 

- HCI + 0 3 0 
CIO + 02('!:J.g) - sym-CI03 See previous evaluation CIt 

~ 1 " "tI 1468 CIO + 0 3 - ClOO + O2 < 1.5 X 10- 17 ::::t 
:T -OCIO + O2 < 1 X 10- 18 m 
'< ::rJ 
~ 1469 CIO + NO - CI + N02 1.7 X 10- 11 ±0.1 6.2 x 1O- 12exp{294/T) 202-415 ±100 0 (") 1470 ClO + N02 + M - CION02 + M 1.6 x 1O- 31[N2] (kll ) ±0.1 1.6 x 1O-31(T/300)-3.4[~2] 200-300 tln = ±1 :T 0 CD 2 X 10- 11 (k",) ±0.3 2 x 10- 11 200-300 !:J.Jog k = ±0.3 3 ::::t 

Fe = (l.5 Fe = exp( - f/430) 200-300 m 
:D s: 
~ 1472 CIO + N03 - CIOO + N02} 4.0 X 10- 13 ±0.3 en 
0 - OCIO + N02 -I 
!!. CIO + HCHO - products See previous evaluation ::rJ 
!J 1473 CIO + CIO - CI + CIOO 3.4 x 10- 15 ±0.3 -< 
< 
~ -CI + OCIO 1.7 x 10- 15 ±0.3 

~ - Ch + O2 4.9 X 10- 15 ±0.3 
1474 CIO + CIO + M - Ch02 + M 1.7 x 1O-32[N2] (kll ) ±0.1 1.7 x lO-32(T/300)-4[N2] 200-260 tln = ± 1.5 z 5.4 x 10- 12 (k",) ±0.3 5.4 x 10- 12 200-300 Mog k = ±0.3 ~ 

5'» Fe = (J.6 .. 
~ 

CD 
.. 

CD W 
N CD 
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~ number Reaction cm3 molecule - 1 S - 1 lliog k298 k Icm3 molecule - I s- range/K K 
:::D 
~ 1475 Ch02 + M -+ CIO + CIO + M 2.7 x 1O- 18[N2] (ku/s- I

) ±0.3 1.35 x 10-5(T/300)-5 200-300 ±9oo 
c exp( - 8720/T)[Nz] 
!a- 8.7 x 102 (k".Js- 1) ±0.3 1.8 x 101Sexp( - 8450/T) 200-300 ±900 ~ 

< Fe = 0.6 
~ 1476 CIO + OCIO + M -+ ChO: + M 2.8 x 1O- 31 [N2] (ku; 226 K) ±0.5 (226 K) 

~ 1477 Cl20 3 + M -+ CIO + OCIO + M 2.8 x 1O- 18[N2] (ku/s-I; 226 K) ±0.5 (226 K) 

z 1477 CIO + CH .. 0 2 -+ ClOO + CH .. O <4x 10- 12 (200 K) 
~ -+ OCIO + CH30 < 1 X 10- 15 (200 K) 

$1» 1478 OCIO + 0 3 -+ CI03 + O2 3.0 X 10- 19 ±0.4 2.1 x lO-12exp( -4700IT) 262-298 ±1000 
..a. 1479 OCIO + NO -+ N02 + CIO 3.4 X 10- 13 ±0.3 CD 
CD 1479 Cl20 2 + 0 .. -+ CIO + CIOO + O2 < 1 X lO-'9 (200 K) N 

1480 CF3 + O2 + M -+ CF302 + M 1.9 X lO-29[N2] (ku) ±0.2 1. 9 X lO-29(T /300) -t.7[N2] 200-300 An = ±1 
1.0 X to-II (k",) ±0.3 1.0 X lO-11 200-400 lliog k = ± 0.3 
Fe = 0.6 

1481 CF2CI + O2 + M -+ CF2CI02 + M 1.4 X to- 29[N2] (ko) ±0.5 1.4 x lO-29(T/300)-5[N2] 200-300 An = ±2 
~ 9 X lO-12 (k",) ±0.5 9 X lO-l! 200-300 lliog k = ± 0.5 

Fe = 0.6 " Z 1482 CFCh + O2 + M -+ CFCl20 2 + M 5.5 X 1O-:l(I[N2] (ku) ±0.3 5.5 X lO-3U(T/300)-"[N2] 200-300 An = ±2 tJ) 
9 X 10- 12 (k",) ±0.5 9 X lO-'! 200-300 !In= ±1 0 
Fe = 0.6 Z 

1483 CCh + O2 + M -+ CCh02 + M 1.6 X 1O- 311[N2] (kll ) ±0.3 1.6 X lO-3°(Tl300)-O[N2] 200-300 !In = ±2 rTt 
3.6 X lO-IZ (k",) ±0.5 3.6 X lO-12 200-300 lliog k = ± 0.5 

..... 
:t:. 

Fe = 0.6 r-
1485 CF .. O -+ COF2 + F < 10-5 (k",/S-') 
1485 CF2CIO -+ COF2 + Cl 7 X lOS (k/s- I) ± 1.0 3 X lO'3exp( - 5250/T) 220-300 ±1000 
1485 CFClzO -+ COFCI + CI 7 X lOS (k/s- I) ±1.0 3 X 10 I 3exp( - 5250/T) 220-300 ±1000 
1485 CChO -+ COCh + Cl 8 X 106 (k/s- I) ± 1.0 4 X 1O '3exp( -4600/T) 220-300 ±lOOO 
1486 CF30 2 + NO -+ CF30 + N02 1.6 X 10- 11 ±0.2 1.6 X 1O- II(Tl300)- Z 230-430 lliog k ±0.2 
1486 CF2Cl02 + NO -+ CF2CIO + N02 1.6 >< 10- 11 ±0.3 1.6 X 10-II(T/300)-5 230-430 lliog k ±0.3 
1486 CFClz02 + NO -+ CFClzO + N02 1.5 >< 10- 11 ±0.2 1.5 X 1O- II (T/300)- ~l 230-430 lliog k ±0.2 
1486 CCh02 + NO -+ cChO + NOz 1.8 >< 10- \I ±0.2 1.8 X 1O- II (T/300)- u 230-430 lliog k ±0.2 
1487 CF30 2 + NOz + M -+ CF;102N02 + M 4.5 >< 1O- 29[N2] (ku) ±0.3 4.5 X 1O- 29(T/300)-'4[N2] 220-300 !In = ±1 

7.5 >< 10- 12 (k",) ±0.5 7.5 X 10- 12 200-300 lliog k ±0.5 
Fe = 0.28 Fe = 0.28 220-300 

1489 CF30 2N02 + M -+ CF30 2 + N02 + M 3.6 >< 10- 19[N2] (ku/s- I
) ±0.4 5 X 1O- I (T/3OO)-6 233-373 ±5oo 

exp( - 12460/T)[N2] 

5.6 >< lO- z (k",/S-') ±0.5 1.2 X lO17exp( -12580/T) 233-373 ±500 
Fe = 0.28 Fe = 0.28 220-300 

1490 CF2CI02 + N02 + M -+ CFzCIOzN02 + M 1.4 >< 1O- Z8[Nz] (ko) ±0.5 1.4 X lO-28(TI300)-6.4[N2] 200-300 !In = ±2 
7.5 >< 10- 12 (koc) ±0.3 7.5 X lO-12 200-300 lliog k ±0.3 
Fe = 0.26 Fe = 0.26 220-300 

1491 CF2CI02N02 + M -+ CFzCIOz + NOz + M 9.0 >< 10- 19[Nz] (kO/S-') ±0.3 1.8 X 1O-3exp( -105()0IT)[Nz] 260-300 ±5oo 
5.4 >< 10-2 (k",/S-') ±0.3 1.6 X 10'6exp( -11990/T) 260-300 ±5oo 
Fe = 0.26 Fe = 0.26 250-300 



2. Summary of Reactions and Preferred Rate Data - Continued 

Page kZ98 Temp. dependence of 
number Reaction cm3 molecule - 1 S-I ~log kZ98 klcm3 molecule-I S-I 

1492 CFClzOz + NOz + M -+ CFCI10zNOz + M 1.7 x 1O- Z8[Nz] (ko) ±0.3 1."/ x 1O- Z8(TI300)-6.7[N2] 

7.5 x 1O- IZ (k",) ±0.3 7.5 x 10- 12 

Fc = 0.23 Fc = 0.23 
1494 CFCIzOzNOz + M -+ CFCIzOz + NOz + M 1.5 x 1O- 18[N2] (kills-I) ±0.3 1.0 x 1O-Zexp( -1086011) 

9.6 x 10-2 (kocis-I) ±0.3 6.6 x 1016exp( - 122401T) 
Fc :::: 0.23 Fc = 0.23 

1495 CCb02 + N02 + M -+ CChO:N02 + M 3.2 x 10-28[N2] (k\l) ±0.5 3.2 x 1O-28(T/300)-7.7[t\2] 
7.5 x 10- 12 (koc) ±0.3 7.5 x 10- 12 

Fc = 0.21 Fc = 0.21 
1496 CCbOzN02 + M -+ CCh02 + NOz + M 7.6 x 1O- 18[N2] (kills-I) ±O.3 6.3 x 1O-3exp( -1023511)[Nz] 

0.29 (k",/s-l) ±0.3 4.& x 1016exp( - 11820IT) 
Fc = 0.20 Fc = 0.20 

1498 0 3 + C2HCh -+ products <5 x 1O- 21l 

1498 0 3 + CZCI4 -+ products < 1O- z1 

1499 HCl + hv -+ pI:oducts See data sheets 
1499 HOCI + h v -+ products See data sheets 
1500 OCIO + hv -+ products See data sheets 
1501 CIzO + h v -+ products See data sheets 
1501 CIz02 + h v -+ products See data sheets 
1503 Ch03 + h v -+ products See data sheets 
1503 ClNO + h v ~ products See data sheets 
1504 CIONO + h v -+ products See data sheets 
1505 CIN02 + h v -+ products See data sheets 
1505 CION02 + hv -+ products See data sheets 
1507 Ch + h 11 -+ products See data sheets 
1507 CH)CI + h v -+ products See data sheets 

!- 1508 CHF2CI + h v -+ products See data sheets 

." 1509 CF2Ch + h v -+ products See data sheets 
::r 1510 CFCh + h v -+ products See data sheets '< 
~ 1511 CCI4 + h v -+ products See data sheets 
0 1512 CH)CFzCl + h v -+ products See data sheets ::r 
CD 1512 CH)CFCl2 + hv -+ products See data sheets 3 
:D 

1513 CH)CCh + hv -+ products See data sheets 

~ 1514 CF)CHFCI + h v -+ products See data sheets 

C 1514 CF3CHCIz + h v -+ products See data sheets 
a 1515 CF2CICFCh + h v -+ products See data sheets 
!J 1516 CFzCICF~Cl + h v -+ products See data sheets 

~ 1516 CF3CF2Q + hv -+ products See data sheets 
N 1517 CF3CF2CHClz + hv -+ product) See data sheets 
~ 1518 CF2CICF~CHFCI + h v -+ products See data sheets 
z 1518 HCOCI + h v -+ products See data sheets !l 
~ 1519 COFCl + h v -+ products See data sheets 
..". 1520 COCh + h v -+ products See data sheets 
CD 1520 CChCHO + hv -+ products See data sheets CD 
N 

Temp. i1(EIR)1 
range/K K 

230-300 An = ±2 
250-300 i1log k 
230-300 
250-300 ±5oo 
250-300 ±5oo 
250-300 
230-300 An = ±3 
250-300 ~Iog k 
250-300 
250-300 ±5oo 
250-300 ±500 
250-300 

±0.3 

±0.3 
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~ 2. Summary of Reactions and Preferred Rate Data - Continued 
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:r ~ 
'< I\) 

!II 
0 :r Page k298 Temp. dependence d Temp. A(EIR)I CD 

~ number Reaction cm3 molecule - 1 S - 1 Alog k298 klcm3 mdecule- I 8-1 rangeIK K 
::II 
~ 1521 CF3COCI + h v -+ products See data sheets 
C ; BrOx Reactions 

~ o + HBr -+ HO + Br See previous evaluation 
~ o + Br2 -+ BrO + Br See previous evaluation 

Z 1523 o + BrO -+ O2 + Br 3 x 10- 11 ±0.5 
p 1523 Br + H02 -+ HBr + O2 2.0 X 10- 12 ±0.3 1.4 x 1O- llexp( - 5CXJfT) 260-390 ±200 
$ft 1524 Br + H20 2 -+ HBr + H02 } <5 X 10- 16 .... -HOBr + HO CD 
CD 1525 Br + 03 -+ BrO + O2 1.2 X 10- 12 ±0.08 1.7 x 10- lIexp( -800fT) 195-392 ±200 N 

1526 Br + N02 + M -+ BrN02 ... M 4.2 X 10-31 [N2] (kn) ±0.3 4.2 x 1O-31(T!300)-2.4[N2] 200-300 An = ±1 
2.7 x 10- 11 (k .. ) ±0.4 2.7 x 10- 11 200-300 Alog k ±0.4 
Fc = 0.55 

1527 Br + OCIO - BrO + CIO 3.4 x 10- 13 ±0.3 2.6 x 1O- llexp( -lmfT) 200-450 ±300 
~ 1528 Br + ClzO -+ BrCI + CIO 3.8 x 10- 12 ±0.3 2.1 x lO-lIexp( -S'}JJIT) 220-298 ±300 

1528 Br + Clz02 - BrCI + ClOD 3.0 x 10- 12 ±0.3 " Z 1529 Br + HCHO -+ HBr + HCO 1.0 X 10- 12 ±0.15 1. 7 x 1O- lIexp( - 800fT) 223-480 ±250 (J) 
1529 Br + CH.1CHO - HBr + CH3CO 3.9 X 10- 12 ±0.2 1.3 x lO-lIexp( - 300fT) 250-400 ±200 0 
1530 HO + HBr -+ H20 + Br 1.1 x 10- 11 ±0.1 1.1 x lO-1l 249-416 ±250 Z 
1531 HO + Br2 - HOBr + Br 4.5 x 10- 11 ±0.15 1.2 x lO-lIexp( 400/T) 260-360 ±400 ftI 
1532 HO + CH3Br - H20 + CH2Br 3.0 x 10- 14 ±O.lO 1.9 x lO-12exp( -1240IT) 240-300 ±200 

-t 
:ba 

1532 HO + CHF2Br -+ H20 + CF2Br 9.5 x lO-IS ±0.2 7.7 x lO-l3exp( -131OIT) 240-300 ±200 r-
1533 HO + CF3Br -+ products <1 x lO-16 
1534 HO + CF2ClBr -+ products <1 x 10- 16 

1534 HO + CF2Br2 -+ products <5 x lO-16 
1535 HO + CF3CHFBr - H20 ... CF;4CFBr 1.7 x 10- 14 ±0.3 1.1 x 1O- '2exp( -1250fT) 270-430 ±500 
1535 HO + CF3CHClBr - H20 + CF3CClBr 5.8 x lO-14 ±0.3 
1536 HO + CF2BrCF2Br -+ products <1.3 x 10- 16 

1536 BrO + H02 - HOBr + Oz } 3.3 X 10- 11 

-+ HBr + 0 3 
±0.5 6.2 x lO-12exp(500/r) 200-300 ±500 

1537 BrO + 0 3 -+ Br + 202 <5 X 1O- IS 

1537 BrO + NO -+ Br + N02 2.1 X 10- 11 ±0.1 8.7 x 1O- '2exp(260/r) 224-425 ±100 
1538 BrO + N02 + M - BrOND2 + M 4.7 x lO-:1I [N2] (ko) ±0.1 4.7 x lO-31(T!300)-3.I[N2] 200-300 An = ±1 

1.7 x 10- 11 (k .. ) ±0.1 1. 7 x 1O- II(T /298) -0.6 200-300 An = ±1 
Fc = 0.40 Fc = exp( -T!327) 200-300 

1540 BrO + cto - Br + OCtO 6.8 x 10- 12 ±0.1 1.6 x 10- 12exp(430IT) 220-400 ±200 
-Br + CIOO 6.1 x 10- 12 ±0.1 2.9 x lO-12exp(220IT) 220-400 ±200 
-BrCI + O2 1.0 X 10- 12 ±0.1 5.8 x lO-13exp(170IT) 220-400 ±200 

1542 BrO + BrO -+ 2Br + 02 2.1 X 10- 12 ±0.1 } 1.1 x lO-12exp(250fT) 223-400 ±200 
-+ Brz + Oz 4.1 X lO-13 ±0.2 

1543 HOBr + h v -+ products See data sheets 
1543 BrO + h v - products See data sheets 



2. Summary of Reactions and Preferred Rate Data - Continued 

Page kZ98 Temp. depencence of Temp. A(E/R)/ 
number Reaction cm3 molecule - I S - I Alog kZ98 k/cm3 molecule-I S-1 range/K K 

1544 BrONOz + h v - products See data sheets 
1545 CH~Br + h v - products . See data sheets " 1545 CF3Br + h v - products See data sheets Z 
1546 CF2ClBr + h v - products See data sheets m 

-I 
1547 CF2Br2 + h v - products See data sheets (; 
1548 CHBr3 + h v - products See data sheets » 
1550 CF2BrCF2Br + h v - products See data sheets Z 

C 

" lOx Reactions :::t 
0 
-I 

1551 o + 12 - 10 + I 1.4 X 10- 111 ±0.3 1.4 x 10- 10 200-400 ±250 0 
0 

1551 o + 10 - O2 + I 3 X 10- 11 ±0.5 :::t 
1552 I + H02 - HI + Oz 3.8 X 10- 13 ±0.3 1.5 x 10- Ilexp( -1090/1) 250-350 ±500 m 
1552 I + 0 3 - 10 + Oz 1.0 X 1O- IZ ±0.2 2.0 x 10- lIexp( - 890/T) 200-350 ±300 3: 
1553 I + NO + M - INO + M 1.8 X 10- 32 [Nz] (ko) ±0.1 1.8 x 1O- 3Z(T/300)-IO[f'lZ] 200-400 An = ±0.5 (; 

» 1.7 x 10- 11 (k",) ±0.3 1.7 x 10- /1 200-400 An = ±0.5 r 
Fc = 0.75 Fc = [exp( - T/1040) + 200-400 C 

exp( - 4160/T)] ~ 
1554 I + NOz + M - INOz + M 3.0 X 10- 31 [Nz] (ku) ±0.2 3.0 x 1O- 31 (T/300)-I[N23 200-400 An = ±1 » 

6.6 x 10- 11 (k",) ±0.3 6.6 x 10- 11 200-400 Alog k = ±0.3 ." 
Fc = 0.63 Fc = [exp{ - T/650) + 200-400 0 

exp( - 2600/T)] ::D 

1555 HO + HI - HzO + I 3.0 X 10- 11 ±0.3 ~ 
1556 HO + h - HOI + I 1.8 x 10- IU ±0.3 s: 
1556 HO + CH31 - H20 + CHzI 7.2 x 10- 14 ±0.5 3.L x lO-'Zexp( -1120/1) 270-430 ±500 0 

CJ) 

~ 
1557 NO) + HI - HN03 + I No recommendation (see data sheets) " "U 1557 10 + HOz - HOI + Oz 6.4 X 10- 11 ±0.3 :::t 

::r 1558 10 + 10 - products 5.2 x 10- 11 ±0.3 1.7 x 1O- IZexp(1020/T) 250-373 ±500 m 
'< ::D 
~ 1558 10 + NO - I + NOz 2.2 X 10- 11 ±0.3 7.3 x 1O- IZelp(330/T) 200-400 ±150 (; 
0 1559 10 + NOz + M - 10NOz + M 7.7 X 10- 31 [Nz] (ko) ±0.3 7.7 x 1O-:H(T/300)-S[N2J 250-350 An = ±2 ::r 0 CD 1.6 X 10- 11 (k",) ±0.3 1.6 x 10- 11 250-350 Alog k = ±0.3 3 :::t 

Fc = 0.4 m 
::a 

1560 10 + CH3SCH3 - products 1.2 x 10- 14 ±0.3 s: 
~ en 
c 1561 INO + INO - h + 2 NO 1.3 X 10- 14 ±OA 8.4 x 1O-lle1p( - 2620/1) 300-450 ±600 -I 

~ 1562 INOz + INOz - Iz + 2 NOz 4.7 X 10- 15 ±0.5 2.g x lO-llexp( - 2600/1) 298-400 ±1000 ::D 
1562 HOI + h v - products See data sheets -< 

~ 1563 10 + hv - products See data sheets 

~ 1564 INO + h v - products See data sheets 
1565 INOz + hv - products See data sheets 

Z 1565 10NOz + h v - products See data sheets 9 
~ ..... 
cD ·No data sheet or recommendation presented in this article. See our earlier evaluation; J. Phys. Chern. Ref. Data 18,881 (1989) for our most recent recommendation. ..... 
CD ~ 
N W 
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3. Guide to the Data Sheets 

The data sheets are of two types: (i) those for the ther
mal reactions and (ii) those for the photochemical reac
tions. 

3.1. Thermal Reactions . 

The data sheets begin with a statement of the reactions 
including all pathways which are considered feasible. 
This is followed by the corresponding enthalpy changes at 
298 K, calculated from the enthalpies of formation sum
marized in Appendix 1. 

The available kinetic data on the reactions are summa
rized under three headings: (i) Absolute Rate Coeffi
cients. (ii) Relative Rate Coefficients, and (iii) Reviews 
and Evaluations. Under headings (i) and (ii), we list ei
ther new data which have been published since the last 
IUP AC evaluation4 or we reproduce the data sheet from 
a previous evaluation containing the most recent pub
lished data. Under heading (iii) are listed the preferred 
rate data from the most recent NASA evaluation and our 
own IUP AC evaluation, and from any new review or eval
uation source. Under all three of the headings above, the 
data are presented as absolute rate coefficients. If the 
temperature coefficient has been measured, the results 
are given in a temperature-dependent form over a stated 
range of temperatures. For bimolecular reactions, the 
temperature dependence is usually expressed in the nor
mal Arrhenius form, k = A exp( - B IT), where B = E IR . 
For a few bimolecular reactions, we have listed tempera
ture dependences in the alternative form, k = A 'T-n or 
CTn exp( - D /T), where the original authors have found 
this to give a better fit to their data. For pressure-depen
dent combination and dissociation reactions, the non
Arrhenius temperature dependence is used. This is 
discussed more fully in a subsequent section of the Intro
duction. 

Single temperature data are presented as such and 
wherever possible the rate coefficient at, or close to, 
298 K is quoted directly as measured by the original au
thors. This means that the listed rate coefficient at 298 K 
may differ slightly from that calculated from the Arrhe
nius parameters determined by the same authors. Rate 
coefficients at 298 K marked with an asterisk indicate 
that the value was calculated by extrapolation of a mea
sured temperature range which did not include 298 K. 
The tables of data are supplemented by a series of com
ments summarizing the experimental details. The follow
ing list of abbreviations, relating to experimental 
techniques, is used mainly in the Comments section: 

EPR -electron paramagnetic resonance 
FfIR-Fourier transform infrared 
GC-gas chromatography/gas chromatographic 
IR -infrared 
LIF -laser induced fluorescence 
LMR-Iaser magnetic resonance 
MS-mass spectrometry/mass spectrometric 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

For measurements of relative rate coefficients, wherever 
possible the comments contain the actual measured ratio 
of rate coefficients together with the rate coefficient of 
the reference reaction used to calculate the absolute rate 
coefficient listed in the data table. The absolute value of 
the rate coefficient given in the table may be different 
from that reported by the original author owing to a dif
ferent choice of rate coefficient of the reference reaction. 
Whenever possible the reference rate data are those pre
ferred in the present evaluation. 

The preferred rate coefficients are presented (i) at a 
temperature of 298 K and (ii) in temperature-dependent 
form over a stated range of temperatures. 

This is followed by a statement of the error limits in 
log k at 298 K and the error limits either in (E IR) or in 
n, for the mean temperature in the range. Some com
ments on the assignment of errors are given later in this 
introduction. 

The "Comments on Preferred Values" describe how 
the selection was made and give any other relevant infor
mation. The extent of the comments depends upon the 
present state of our knowledge of the particular reaction 
in question. The data sheets are concluded with a list of 
the relevant references. 

3.2. Conventions Concerning Rate Coefficients 

All of the reactions in the table are elementary pro
cesses. Thus the rate expression is derived from a state
ment of the reaction, e.g., 

A+A~B+C 

1 -- d[A] 
2 = d[B] = d[C] = k[A] 2 
dt dt dt . 

Note that the stoichiometric coefficient for A, i.e., 2, ap
pears in the denominator before the rate of change of [A] 
(which is equal to 2k[A]2) and as a power on the right
hand side. 

3.3. Treatment of Combination and 
Dissociation Reactions 

The rates of combination and the reverse dissociation 
reactions 

A+B+M~AB+M 

depend on the temperature T, and the nature and con
centration of the third body [M]. The rate coefficients of 
these reactions have to be expressed in a form which is 
more complicated than those for simple bimolecular re
actions. The combination reactions are described by a 
pseudo second-order rate law 

d[AB] = k [A] [B] 
dt 
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III which the second-order rate coefficient depends on 
I \ 11 The low-pressure third-order limit is characterized 
,.\ 1... .. 

ko = lim k ([M]) 
[M] ~ 0 

which is proportional to [M]. The high-pressure second-
1IIllcr limit is characterized by ka;, 

ka; = lim k ([M]) 
[M] ~ 00 

which is independent of [M]. For a combination reaction 
111 t he low-pressure range, the summary table gives a sec
t lnll-order rate coefficient expressed as the product of a 
third-order rate coefficient and the third body concentra
t ion. The transition between the third-order and the sec
ond-order range is represented by a reduced falJoff 
L'xpression of ko/ka; as a function of 

ko/ k a; = fMl/fMlc, 

where the "center of the falloff curve" [M]c indicates the 
third-body concentration for which the extrapolated ko 
would be equal to ka>. The dependence of k on [M] in 
general is complicated and has to be analyzed by uni
molecular rate theory. For moderately complex 
molecules at not too high temperatures, however, a sim
ple approximate relationship holds: 

k ( ko/ka> ) F 
= a> 1 + ko/ka; , 

where the first factors at the right-hand side represent 
the Lindemann-Hinshelwood expression, and the addi
tional broadening factor F, at not too high temperature, 
is approximately given by6-8 

_ log Fe 
log F = 1 + [log(ko /ka;)]2 

In this way the three quantities ku, k~, and Ft; characterize 
the falloff curve for the present application. 

Alternatively, the three quantities ka;, [M]c, and Fe (or 
ko, [M]e, and Fc) can be used. The temperature depen
dence of Fc, which is sometimes significant, can be esti
mated by the procedure of Troe.6-8 The results can 
usually be represented8 approximately by an equation 

Fc = (1- a) exp( - T/T***) 
+ a exp( - T/T*) + exp( - T**/T). 

The last term becomes relevant only at high tempera
tures. In Ref. 2, for simplicity a = 1 and T** = 4T* was 
adopted. Often Fc = exp( - T/T*) is sufficient for low 

temperature conditions. With molecules of increasing 
complexity, additional broadening of the falloff curves 
may have to be taken into account.6-8 For simplicity these 
effects are neglected in the present evaluation. An even 
simpler policy was chosen in Ref. 5 where a temperature 
independent standard value of Fe = 0.6 was adopted. 

Changes in Fe would require changes in the limiting ko 
and ka> values. For the purpose of this evaluation, this will 
be irrelevant in most cases, if the preferred ko and k CIO are 
used consistently together with the preferred Fc values. 

Theoretical predictions of Fe have been derived from 
rigid RRKM-type models including weak collision ef
fects.6--8 

The dependence of ko and k QC on the temperature T is 
represented in the form: 

k ex: T-n 

(except for the cases with an established energy barrier in 
the potential). We have used this form of temperature 
dependence because it often gives a better fit to the data 
over a wider range of temperature than does the Arrhe
nius expression. The dependence of ko on the nature of 
the third-body M generally is represented by the relative 
efficiencies of MI and M 2• 

The few thermal dissociation reactions of interest in the 
present application are treated by analogy with combina
tion reactions, with pseudo-first-order rate coefficients 
k ([M]). The limiting low- and high-pressure rate coeffi
cients expressed in units of s -1 are denoted in the tables 
by the symbols (ko/S-l) and (ka;/S-l). Fc is the same in 
combination and dissociation reactions. 

3.4. Photochemical Reactions 

The data sheets begin with a list of feasible primary 
photochemical transitions for wavelengths usually down 
to 170 nm, along with the corresponding enthalpy 
changes at 0 K where possible or alternatively at 298 K, 
calculated from the data in Appendix 1. Calculated 
threshold wavelengths corresponding to .these enthalpy 
changes are also listed. 

This is followed by tables summarizing the available ex
perimental data on (i) absorption cross-sections and (ii) 
quantum yields. These data are supplemented by a series 
of comments. 

The next table lists the preferred absorption cross-sec
tion data and the preferred quantum yields at appropri
ate wavelength intervals. For absorption cross-sections 
the intervals are usually 1, 5 or 10 nm. Any temperature 
dependence of the absorption cross-sections is also given 
where possible. The aim in presenting these preferred 
data is to provide a basis for calculating atmospheric pho
tolysis rates. 

The comments again describe how the preferred data 
were selected and include other relevant points. The pho-

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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tochemical data sheets are also concluded with a list of 
references. 

In this evaluation we have provided data sheets for all 
of the photochemical reactions listed in the Summary 
Table and not just those for which new data have become 
available since our last evaluation. 

3.5. Conventions Concerning Absorption 
Cross-Sections 

These are presented in the data sheets as "absorption 
cross-sections per molecule, base e." They are defined 
according to the equations 

1/10 - exp( o-[N]/), 

fJ = {1!([N]l)}ln(lolI), 

where 10 and I are the incident and transmitted light in
tensities, fJ is the absorption cross-section per molecule 
(expressed in this paper in units of cm2

), [N] is the num
ber concentration of absorber (expressed in cm- 3

), and l 
is the path length (expressed in cm). Other definitions 
and units are frequently quoted. The closely related 
quantities "absorption coefficient" and "extinction coef
ficient" are often used, but care must be taken to avoid 
confusion in their definition; it is always necessary to 
know the units of concentration and of path length and 
the type of logarithm (base e or base 10) corresponding 
to the definition. To convert an absorption cross-section 
to the equivalent Naperian (base e) absorption coeffi
cient of a gas at a pressure of one standard atmosphere 
and temperature of 273 K (expressed in cm- I

), multiply 
the value of fJ in cm2 by 2.69 x 101'''. 

3.6. Assignment of Errors 

Under the heading "reliability," estimates have been 
made of the absolute accuracies of the preferred values 
of k at 298 K and of the preferred values of E /R over the 
quoted temperature range. The accuracy of the preferred 
rate coefficient at 298 K is quoted as the term Alog k, 
where ~log k D and D is defined by the equation. 10glO 
k = C ± D. This is equivalent to the statement that k is 
uncertain to a factor of F, where D = 10g1OF. The accu
racy of the preferred value of E /R is quoted as the term 
A(E /R), where A(E /R) = G and G is defined by the 
equation E/R = H ± G. 

For second-order rate coefficients listed in this evalua
tion, an estimate of the uncertainty at any given temper
ature within the recommended temperature range may 
be obtained from the equation: 

IAE( 1 1)1 Alog k (T) = Alog k (298) exp If T - 298 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

(note that the exponent in this equation is an absolute 
value). 

The assignment of these absolute error limits in k and 
E /R is a subjective assessment of the evaluators. Experi
ence shows that for rate measurements of atomic and 
free radical reactions in the gas phase, the precision of 
the measurement, i.e., the reproducibility, is usually 
good. Thus, for single studies of a particular reaction in
volving one technique, standard deviations, or even 90% 
confidence limits, of ± 10% or less are frequently re
ported in the literature. Unfortunately, when evaluators 
come to compare data for the same reaction studied by 
more than one group of investigators and involving differ
ent techniques, the rate coefficients often differ by a fac
tor of 2 or even more. This can only mean that one or 
more of the studies has involved large systematic errors 
which are difficult to detect. This is hardly surprising 
since, unlike molecular reactions, it is not always possible 
to study atomic and free radical reactions in isolation, 
and consequently mechanistic and other difficulties fre
quently arise. 

The arbitrary assignment of errors made here is based 
mainly on our state of knowledge of a particular reaction 
which is dependent upon factors such as the number of 
independent investigations made and the number of dif
ferent techniques used. On the whole, our assessment of 
error limits errs towards the cautious side. Thus, in the 
case where a rate coefficient has been measured by a sin
gle investigation using one particular technique and is un
confirmed by independent work, we suggest that 
minimum error limits of a factor of 2 are appropriate. 

In contrast with the usual situation for rate coeffi
cients, where intercomparison of results of a number of 
independent studies permits a realistic assessment of reli
ability, for many photochemical processes there is a 
scarcity of apparent1y re1iable data. Thus, we do not feel 
justified now in assigning error limits to the parameters 
reported for the photochemica1 reactions. 
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4. Data Sheets 

4.1. Oxygen Species 

O+02+M~03+M 

MlO = - 106.5 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

k,,!cm3 molecule -1 S-1 Temp./K Reference Comments 

Absolute Rate Coefficients 
7.2 X 10-33 (TI100)-37 [He] 
3.4 x 10-34 (T/3OO)-12 [He] 
8.0 x 10-33 (T/100)-32 [Ar] 
4.5 x 10-34 (T/3OO)-27 [Ar] 
4.0 x 10- 35 (TI1000)-l 0 [Ar] 
5.5 x 10-34 (T/300)-26 [N2] 
5.2 x 10-35 (T 11000) -13 [N2] 

100-200 Hippler, Rahn and Troe, 19901 (a) 
200-1000 
80-150 

150-400 
700-3000 
100-400 
700-900 

Reviews and Evaluations 
6.2 x 10-34 (T/300)-20 [02] 
5.7 x 10-34 (T/3OO)-ZH [Nz] 
6.0 x 10-34 (T/300)-Z3 [air] 

200-300 CODATA, 19802; IUPAC, 19893 (b) 
200-300 
200-300 NASA,19904 (c) 

Comments 

(a) Oxygen atoms were generated by laser flash photol
ysis of O2, N20 or 0 3• 0 3 formation was studied by UV 
absorption measurements over the range 1-1000 bar and 
90-370 K. The expressions given for ko at T =::; 400 K are 
from Ref. 1. They are consistent with less extensive ear
lier results from Refs. 5-9. The expressions for ko at T > 
400 K are based on dissociation experiments1

0-
12 con

verted to recombination data with the equilibrium con
stant. The reaction is suggested to follow the energy 
transfer mechanism at high temperatures. At low temper
atures a radical-complex mechanism apparently domi
nates with contributions from metastable excited 
electronic states of 0 3 . 

(b) Based on the data from Ref. 5-9. 
(c) Average of the results from Ref. 7 and 8. 

Preferred Values 

ko 5.6 X 10-34(T/300)-2.8 [N2] cm3 molecule- 1 S-1 

over the temperature range 100-300 K. 
ko 6.0 X 10- 34(T/300)-28 [02] cm3 molecule- 1 S-1 

over the temperature range 100-300 K. 

Reliability 
~log ko = ± 0.05 at 298 K. 
tut = ±0.5. 

Comments on Preferred Values 
The new results obtained over extended temperature 

ranges1 confirm the large negative values of n, and also 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

confirm the earlier absolute values of ko at 298 K. The 
value of n is probably similar for N2 and 02, as for the 
reaction CI + O2 + M ~ CIOO + M also studied at low 
temperatures (see this evaluation) and governed by a rad
ical-complex mechanism. 

Comments on High-pressure Rate Coefficients and Falloff 
Range 

The new experiments from Ref. 1 under low tempera
ture and high pressure conditions indicate anomalous 
falloff behavior different from the formalism described in 
the Introduction. These effects are not relevant for atmo
spheric conditions, and they are not included in this eval
uation. 

References 

IH. Hippler, R. Rahn, and J. Troe, J~ Chern. Phys. 93, 6560 (1990). 
zCODATA, 1980 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5R. E. Huie, J. T. Herron, and D. D. Davies, J. Phys. Chern. 76, 2653 

(1972). 
61. Arnold and F. J. Comes, Chern. Phys. 42, 231 (1979). 
70. Klais, P. e. Anderson, and M. J. Kurylo, Int. J. Chern. Kinet.12, 469 
(1980). 

lie. L. Lin and M. T. Leu, Int. J. Chern. Kinet. 14,417 (1982). 
9W. T. Rawlins, G. E. Caledonia, and R. A. Armstrong, J. Chern. Phys. 
87, 5209 (1987). 

lOW. M. Jones and N. Davidson, J. Am. Chern. Soc. 84, 2868 (1962). 
llR. E. Center and R. T. V. Kung, J. Chern. Phys. 62, 802 (1975). 
12H. Endo, K. Glanzer, and J. Troe, J. Phys. Chern. 83, 2083 (1979). 
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\/1" = -391.9 kJ'mol- 1 

Rate coefficient data 

Unn1 rnolecule- 1 S-1 Temp./K Reference Comments 

'hlO!ute Rate Coefficients 
56 x 10- 12 exp( -1959/T) 
H 26 x 10- 15 

220-377 
297 

Wine et al., 19831 (a) 

U/'\'Iews and Evaluations 
H 0 x 10- 12 exp( - 2060/T) 
KO x 10- 12 exp( - 2060/T) 

220--400 
200-300 

CODATA, 19842; IUPAC, 19893 

NASA,19904 
(b) 
(c) 

Comments 

(a) Oep) atoms produced by the laser photolysis of 0 3 at 
532 nm, and monitored by time-resolved resonance 
fluorescence. 

(b) See Comments on Preferred Values. 
(c) Obtained by Wine l from an unweighted linear least

squares fit of the data of Wine et al., 1 McCrumb and 
Kaufman,s Davis et al.,6 West et al.7 and Arnold and 
Comes.8 

Preferred Values 

k = 8.0 X 10- 15 cm3 molecule- 1 S-1 at 298 K. 
k = 8.0 X 10- 12 exp( -2060/T) cm3 molecule- 1 S-1 

over the temperature range 200-400 K. 

Reliability 
dlog k = ± 0.08 at 298 K. 
d(E/R) = ±200 K. 

Comments on Pre/e"ed Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.2 The study of Wine etal.1 yields 
values of k in close agreement with those from other stud
ies, over the whole temperature range covered. Our rec
ommendations are based on the least-squares expression 
obtained by Wine et al. l from a fit of their data plus those 
of McCrumb and Kaufman,s Davis et al.,6 West et al.7 and 
Arnold and Comes.1! 

References 

Ip. H. Wine, J. M. Nicovich, R. J. Thompson, and A. R. Ravishankara, 
J. Phys. Chern. 87, 3948 (1983). 

2CODATA, Supplement II, 1984 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5J. L. McCrumb and F. Kaufman, J. Chern. Phys. 57, 1270 (1972). 
6D. D. Davis, W. Wong, and J. Lephart, Chern. Phys. Lett. 22, 273 

(1973). 
7G. A. West, R. E. Weston, Jr., and G. W. Flynn, Chern. Phys. Lett. 56, 
429 (1979). 

III. Arnold and F. J. Comes, Chern. Phys. 42,231 (1979). 
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OeD) + O2 ~ Oep) + 02e~;) (1) 

~ Oep) + 02e~) (2) 

~ Oep) + 02e~g) (3) 

Mr(l) = -32.8 kJ·mol- t 

MfD(2) = -95.4 kJ·mol- 1 

MfD(3) = -189.7 kJ·mol- 1 

Rate coefficient data (k = k1 + k2 + k3) 

Temp./K Reference Comments 

Absolute Rate Coefficients 
(4.2 ± 0.2) X IO- II 

(4.0 ± 0.6) X IO- II 
295 
298 

Amimoto etal., 19791 

Brock and Watson, 198F 
(a) 
(b) 

Branching Ratios 

kl/k = 0.77 ± 0.2 
k2ik ~ 0.05 

300 
300 

Lee and Sianger, 19783 

Gauthier and Snelling, 19714 
(c) 
(d) 

Reviews and Evaluations 

3.2 X 10- 11 exp(67/T) 
3.2 X 10- 11 exp(70/T) 

200-350 
200-300 

CODATA, 19825
; IUPAC, 19896 

NASA,19907 
(e) 
(f) 

Comments 

(a) OeD) atoms produced by laser flash photolysis of 0 3 

at 248 nm, and OCP) detected by resonance absorp
tion at 130 nm. 

(b) OCD) atoms produced by laser flash photolysis of 03 
at 266 nm, and OCP) detected by resonance fluores
cence at 130 nm. 

(c) OeD) atoms detected by OeD) ~ OCP) emission at 
630 nm. 02CIt) was monitored from the 02eIt) ~ 
02eIi) (1-1) and (0-0) band emission. 02CIt) is 
only formed in the v = 0 and 1 levels, with k (1 )/k (0) 
= 0.7. 

(d) OCD) atom production by the photolysis of 03. 
( e) See Comments on Preferred Values. 
(f) Based on the results of Amimoto et al., 1 Brock and 

Watson,2 and earlier references, excluding those 
measurements employing OeD) atom absorption. 

Preferred Values 

k = 4.0 X 10- 11 cmJ molecule- 1 
S-1 at 298 K. 

k = 3.2 X 10- 11 exp(67/T) cm3 molecule- 1 S-1 over the 
temperature range 200-350 K. 

kt/k = 0.8 at 298 K. 
k2ik :os:; 0.05 at 298 K. 

Reliability 
alog k = ± 0.05 at 298 K. 
a(E/R) = ± 100 K. 
alog(kl/k) = ± 0.1 at 298 K. 
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Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1982.5 The earlier controversy between 
measurements using OCD) emission at 630 nm and ab
sorption at 115 nm now appears to be resolved, since 
Oep) atom detection by absorption at 130 nm and fluo
rescence support the OCD) emission results. Apparently 
the )I-value in the Lambert-Beer law used for the OCD) 
absorption results was too small. The preferred 298 K 
rate coefficient is the average of the results from Ami
moto et al./ Brock and Watson,2 Lee and Slange~ and 
Streit et al.8 The branching ratios of Lee and Slange~ and 
Gauthier and Snelling4 are recommended. 

References 

IS. T. Amimoto, A. P. Force, R. G. Gulotty, Jr., and J. R. Wiesenfeld, 
J. Chern. Phys. 71, 3640 (1979). 

2J. C. Brock and R. T. Watson, Reported at the NATO Advanced Study 
Institute on Atmospheric Ozone, Portugal (1979). See also G. K. 
Moortgat, in Report No. FAA-EE.80-20 (1980). 

3L. C. Lee and T. Slangcr, J. Chern. Phys. 54, 4317 (1971). 
4M. Gauthier and D. R. Snelling, J. Chern. Phys. 54, 4317 (1971). 
5CODATA, Supplement I, 1982 (see references in Introduction). 
6IUPAC, Supplement III, 1989 (see references in Introduction). 
7NASA Evaluation No.9, 1990 (see references in Introduction). 
8G. E. Streit, C. J. Howard, A. L. Schmeltekopf, J. A. Davidson, and H. 
I. Schiff, J. Chern. Phys. 65, 4761 (1976). 
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OCD) + 0 3 ~ O2 + 20ep) (1) 

~ Oep) + 0 3 (2) 

~ 202C Ag) (3) 

~ 02Cl;:) + 02el;i) (4) 

~ 202el;i) (5) 

\/1"(1) = -83.2 kJ'mol- 1 

\11"(2) = -189.7 kJ·mol- 1 

\/1"(3) = -393.0 kJ'mol- 1 

\/1"(4) = -424.7 kJ'mol- 1 

\//"(5) = -581.6 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 + k3 + k4 + ks) 

Reference Comments 

'''wlllle Rate Coefficients 
(2.5 :t 0.2) X lO-10 298 Greenblatt and Wiesenfeld, 19831 (a) 

/lftlnching Ratios 
A.lk 0.53 
k~/k = 0.47 

298 Cobos, Castellano, and Schumacher, 19832 (b) 

Ut'I'leWS and Evaluations 
2.4 x lO-lO 100-400 

298 
200-300 
298 

CODATA, 19843
; IUPAC, 19894 (c) 

(c) 
k.tk = ks/k = 0.5 
2.4 x lO-1O NASA,199OS 
k.tk = ks/k = 0.5 

(a) Laser photolysis of 0 3 at 248 and 308 nm, using a 
flow system. Oep) atoms were monitored by time-re
solved resonance fluorescence. 

(b) Steady-state photolysis of pure 0 3 and 03-inert gas 
mixtures. Ozone removal was monitored manometri
cally at high pressures and spectrophotometrically at 
lower pressures. The quantum yield of 0 3 removal 
was interpreted in terms of a complex reaction 
scheme. 

(c) Based on the data of Streit et al.,6 Amimoto et al./,8 
Ravishankara and Wine? and Davenport et a/.w 

Preferred Values 

k = 2.4 X 10- 10 cm3 molecule- 1 
S-1 over the tempera

ture range 100-400 K. 
kdk = ks/k = 0.5 at 298 K. 

Reliability 
L\log k = ± 0.05 over the temperature range 100-

400K. 
L\log kdk = L\log ks/k = ±0.1 at 298 K. 

Comments on Prefe"ed Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.3 The measurement of the rate co
efficient k at 298 K by Greenblatt and Wiesenfeld1 is in 
excellent agreement with our previous recommenda
tion.ll The determination of kdks by Cobos et al.2 is 
rather indirect, but provides further evidence that kl =ks. 
Our previous recommendations3

•
4

•
11 are unchanged. 

References 

IG. D. Greenblatt and J. R. Wiesenfeld, J. Chern. Phys. 789, 4924 
(1983). 

2C. Cobos, E. Castellano, and H. J. Schumacher, J. Photochem. 21, 291 
(1983). 

3CODATA, Supplement II, 1984 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6G. E. Streit, C. J. Howard, A. L. Schmdtckupf, J. A. Davidson, and H. 
I. Schiff, J. Chern. Phys. 65, 4761 (1976); J. A. Davidson, C. M. Sad
owski, H. I. Schiff, G. E. Streit, C. J. Howard, D. A. Jennings, and A. 
L. SchrneItekopf, J. Chern. Phys. 64, 57 (1976). 

7S. T. Arnirnoto, A. P. Force, and J. R. Wiesenfeld, Chern. Phys. Leu. 
60, 40 (1978). 

8S. T. Arnirnoto, A. P. Force, J. R. Wiesenfeld, and R. H. Young, J. 
Chern. Phys. 73, 1244 (1980). 

9A. R. Ravishankara and P. H. Wine, Chern. Phys. Lett. 77, 103 (1981). 
HlJ. E. Davenport, B. Ridley, H. I. Schiff, and K. H. Welge, J. Chern. 
Soc. Faraday Disc. 53, 230 (1972). 

lICODATA, Supplement I, 1982 (see references in Introduction). 
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Comments 

These Comments are reproduced from bur previous 
evaluation, IUPAC, 1989.1 Arnold and Comes2,3 have 
studied this reaction of vibrationally excited oxygen 
molecules in the ground electronic state with ozone, and 
they report a rate coefficient value of 2.8 x 10- 15 cm3 

molecule- 1 
S-1 at 298 K. The vibrationally excited oxygen 

molecules were produced in the reaction of OeD) atoms 
with 0 3 following the UV photolysis of ozone. This is the 

AHO = - 94.3 kJ'mol- l 

only reported study of this rate coefficient, and we prefer 
to make no recommendation. For further discussion the 
reader is referred to the review by Steinfeld et al.4 

References 

IIUPAC, Supplement III, 1989 (see references in Introduction). 
21. Arnold and F. J. Comes, Chern. Phys. 47, 125 (1980). 
31. Arnold and F. J. Comes, J. Mol. Struct. 61, 223 (1980). 
4J. I. Steinfeld, S. M. Adler-Golden, and J. W. Gallagher, J. Phys. 
Chern. Ref. Data 16, 911 (1987). 

Rate coefficient data 

kfcm3 molecule- l S-1 M Temp./K Reference Comments 

Absolute Rate Coefficients 
(3.3 ± 0.4) x lO-19 O2 298 Eisenberg et aI., 19841 (a) 

(b) 
(c) 

(1.65 ± 0.07) x 10- 18 O2 

3.15 X to- 18 exp( -205)fT O2 

298 
100-450 
298 

Raja, Arora, and Chatha, 19862 

Billington and Borrell, 19863 

1.57 x lO-18 O2 

5 X to- 19 C02 298 Singh et al., 19854 (d) 

Reviews and Evaluations 
3.0 x lO-18 exp( - 200fT) O2 100-450 

298 
CODATA, 19845

; IUPAC, 19896 (e) 
(t) 
(g) 
(h) 

~ 1.4 X lO-19 N2 

5 X to- 18 H20 298 
~ 2 X lO-20 CO2 298 

Comments 

(a) Direct laser excitation of O 2 at 1065 nm to give 
02C a g, v = 1). 02C ag) was observed in emission at 
1270 nm. The pressure was 1 atm of O2• 

(b) Discharge flow system, with O2(1 a g) being monitored 
by its dimol emission at 635 nm. The total pressure 
was 5-12 Torr. 

(e) Discharge flow system, with 02C a g) being monitored 
by its dimul emission at 635 nm and also by monitor
ing the emission from 02CI;) at 762 nm. The total 
pressure was 3-12 Torr. 

(d) Discharge flow system. 02C a g) was monitored in 
emission at 1270 nm. No quenching could be ob
served for M = CO2• 

(e) Based on the data of Borrell et al./ Leiss et al. 8 and 
Findlay and Snelling.9 

(t) Based on the data of Collings et al.10 

(g) Based on the data of Findlay and Snelling 9 and 
Becker et al. ll 

(h) Based on the data of Leiss et al.8 and Findlay and 
Snelling.9 
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Preferred Values 

k = 1.6 X 10- 18 em3 moleeule- 1 S-1 for M = O 2 at 
298K. 

k = 3.0 X 10- 18 exp( -200fT) em3 molecule- 1 
S-1 for 

M = O2 over the temperature range 100-450 K. 
k ~ 1.4 X 10- 19 cm3 molecule- 1 S-1 for M = N2 at 

298K. 
k = 5 X 10- 18 em3 molecule- 1 S-1 for M = H20 at 

298K. 
k ~ 2 X 10-211 cm3 molecule- 1 S-1 for M = CO2 at 

298K. 

Reliability 
alog k = ±0.2 for M = O2 at 298 K. 
A(E/R) = ±200 K for M = O2• 

alog k = ± 0.3 for M = H20 at 298 K. 

Comments on Preferred Values 
The preferred value of k (M = O2) is based on the re

sults of Raja et al.,2 Billington and BorrelV Borrell et al.7 

and Leiss et al.8 The temperature dependence of Billing-
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I, Ifl ,IIld Borre1l3 is adopted in this evaluation. The much 
I, ,\\ ," valuc of Eisenberg et a/. I by a new technique is not 
I, . " III dcrivation of the preferred value. The previous 
I I II )ATA recommendations5 for M = N2, H20, and CO2 

II. IllIchanged. 

References 

\\ ( h~cJlbcrg, A. S. Snelson, R. Butler, K. Taylor, and R. W. Mur
, ,\, I I'hotochem. 25, 439 (1984). 
" le"a. P. K. Arora, and J. P. S. Chatha, Int. J. Chern. Kinet. 18, 505 
I l'lSl,) 

\ I' Billington and P. Borrell, J. Chern. Soc. Faraday Trans. 2, 82, 963 
11'1,"1,) 

4J. P. Singh, J. Bachar, D. W. Setser, and S. Rosenwaks, J. Phys. Chern. 
89, 5347 (1985). 

5CODATA, Supplement II, 1984 (see references in Introduction). 
6IUPAC, Supplement III, 1989 (see references in Introduction). 
7P. Borrell, P. M. Borrell, and M. B. Pedley, Chern. Phys. Lett. 51, 300 

(1977). 
!lA. Leiss, U. Schurath, K. H. Becker, and E. H. Fink, J. Photochern. 8, 

211 (1978). 
9F. D. Findlay and D. R. Snelling, J. Chern. Phys. 55, 545 (1971). 
lOR. J. Collings, D. Husain, and R. J. Donovan, J. Chern. Soc. Faraday 
Trans. 2, 69, 145 (1973). 

11K. H. Becker, W. Groth, and U. Schurath, Chern. Phys. Lett. 8, 259 
(1971). 

O2 + h V ......,» products 

Primary photochemical processes 

Mlt':/kJ'rnol- 1 

( ), I "v ~ OCP) + Oep) 
~ O(3P) + OeD) 
~ OeD) + OeD) 
~ Oep) + OeS) 

494 
683 
873 
898 

242 
175 
137 
132 

Absorption cross-section data 

W.lvc!ength range/nm Reference Comments 

Yoshino et al., 19831 179-201 
175-205 
193-204 
205-225 
205-241 
205-240 
175-247 
179-198 
175-205 

Yoshino, Freeman and Parkinson, 19842 

Cheung et al., 19843 

(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 
(i) 

Johnston, Paige and Yao, 19844 

Cheung et aI., 19865 

Jcnouvrier, Coquart and Merienne, 19866 

WMO,19867 

Yoshino et al., 19878 

Nicolet. Cieslik and Kcnnes, 19879 

Comments 

(a) Measured at 300 K with a spectral resolution of 
0.0013 nm. Band oscillator strengths of S-R band 
(12,0) through (1,0) determined. 

(b) Measured at 300 K at high resolution with a vacuum 
spectrograph. Includes an atlas of S-R absorption 
bands of 02 at 300 K showing detailed rotation line 
assignments for 175-205 nm region. 

(c) Measured at 300 K with a spectral resolution of 
0.0013 nm. Absorption includes discrete line of S-R 
bands and two underlying dissociation continua -
the weak Herzberg continuum of O2 and a pressure 
dependent continuum involving two oxygen 
molecules. 

(d) Measured at 206-327 K with a spectral resolution of 
0.2 nm and O2 pressures of 100-750 Torr. 

(e) Measured at 296-300 K with a spectral resolution of 

0.13 nm and O2 pressures of 5-760 Torr. Observed 
attenuation was due to Rayleigh scattering and to ab
sorption into two continua [see note (c)]. 

(f) Measured at 289-294 K at low spectral resolution 
and O 2 pressures of 5-100 Torr. 

(g) Critical review of all published data. Recommended 
values given for standard spectral intervals from 175-
247 nm. Transmission in the S-R system (bands + 
continuum) tabulated as a function of column O2 for 
standard spectral intervals from 175-206 nm. 

(h) Measured at 79 K with spectral resolution of 0.0013 
nm. Band oscillator strengths of S-R bands (12,0) 
through (2,0) determined by numerical integration of 
cross-section data. 

(i) Tables of calculated absorption cross-sections pre
sented for the range of the (0,0) to (19,0) bands from 
49000 to 57000 cm- 1 and the temperature range 190-
300 K in 32 intervals of 250 cm -I. 
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Preferred Values 

Absorption cross-sections of O2 In the Herzberg continuum 

Atnm 1024 a/cm2 

205 7.35 
210 6.51 
215 5.59 
220 4.46 
225 3.45 
230 2.43 
235 1.63 
240 1.01 

Comments on Pre/erred Values 
This data sheet is largely reproduced from our previous 

evaluation, IUPAC, 1989.10 The recommended absorp
tion cross-section values for the Herzberg continuum are 
taken from the recent study by Yoshino et al., 11 where 
values are tabulated for every nm from 205-240 nm. 
These values were derived from an analysis and combina
tion of the data of Cheung et al.s and those of Jenouvrier 
et al.6 They are in agreement with the results of Johnston 
et al.4 They are consistent with the lower absorption 
cross-section values inferred from balloon-borne mea
surements of solar irradiance attenuation in the strato
sphere by Frederick and Mentall,12 by Herman and 
MentallI3 and by Anderson and Hall,14 but are in dis
agreement with the results derived by Pirre et al. ls from 
a similar in -situ stratospheric study. An analysis of the 
photo dissociation of oxygen in the Herzberg continuum 
has recently been published by Nicolet and Kennes.16 

For the Schumann-Runge wavelength region the 
reader is referred to the review in WMO, 19867 and to the 
tables of absorption cross-sections in Nicolet et al.9 In this 
spectral region a detailed analysis of the penetration of 
solar radiation requires absorption cross-section mea
surements with very high spectral resolution. Absorption 
cross-section values for the (0,0)-(12,0) S-R bands mea
sured by the Harvard-Smithsonian groupl-3,8 are the first 
set of values which are independent of instrumental 
width. Band oscillator strengths for these bands have 
been determined by direct numerical integration of these 
absolute cross-section values. The results of more recent 
studies of the S-R bands for isotopic oxygen molecules 
are presented in references 17-21. The effect on ozone 
formation in the 214 nm photolysis of oxygen due to 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

O2 - O2 collision pairs at high O2 pressure and the effect 
of high N2 pressure have been studied by Horowitz et al.22 

Greenblatt et al.23 studied the absorption spectrum of O2 

and 02 - O2 collision pairs over the wavelength range 
330-1140 nm for O2 pressures from 1 to 55 bar at 298 K. 
Band centers, band widths, and absorption cross-sections 
were reported for the absorption features in this wave
length region. 
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0 3 + h V ~ products 

Primary photochemical processes 

Reactions 

()l + hv ~ Oep) + 02eIg) 
~ Oep) + 02e Ag) 
~ Oep) + 02eIg'") 
~ OeD) + 02eIg) 
~ OeD) + 02eAg) 
~ OeD) + 02eIg'") 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

101 
196 
258 
291 
386 
448 

1180 
611 
463 
411 
310 
267 

Absorption cross-section data 

Wavelength range/nm Reference Comments 

240-350 
245-350 
310-350 
185-350 
254 
175-360 
238-335 
590-610 

Freeman ct al., 19841 

Bass and Paur, 19852 

(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 

Malicet, Brion and Daumont, 19853 

Molina and Molina, 19864 

Mauersberger sf al., 19865 

WMO, 19866 

Yoshino et ai., 19887 

Amoruso et ai., 1990K 

Comments 

(a) Measured at 195 K with a spectral resolution of 0.003 
nm. Relative values normalized to values at five mer
cury lines. 

(b) Measured at 200-300 K with a spectral resolution of 
0.025 nm. Relative values normalized to value of 
1147 x 10-20 cm2 at the 253.65 nm mercury line. 

(c) Measured at 228 K and 298 K at five mercury line 
wavelengths in the ultraviolet and in the continuous 
spectral range 320-330 nm with a spectral resolution 
of 0.02 nm. 

(d) Measured at 226-298 K with a spectral resolution of 
0.07 nm. 

(e) Measured at 297 K at the 253.7 nm mercury line. 
Later measurements (Ref. 9) extended the measure
ments to the temperature range 195-351 K. 

(f) Critical review of all published data. Recommended 
values given for standard spectral intervals from 175-
360 nm for 203 K and 273 K. Recommended values 
were also tabulated for visible spectral region. 

(g) Measured at 195 K, 228 K, and 295 K at thirteen 
wavelengths in this region. These absolute measure
ments were used to convert the relative values in 
Ref. 1 to absolute values. 

(h) Measured at 230 K and 299 K. Results were tabu
lated at 0.5 nm intervals. 

Ozone absorption cross-sections at 273 K averaged over spectral Intervals 

Int # AA/nm 10211 u/cm2 Int # A>'/nm 10211 u/cm2 

1 175.4-177.0 81.1 31 238.1-241.0 797 
2 178.6 79.9 32 243.9 900 
3 180.2 78.6 33 246.9 1000 
4 181.8 76.3 34 250.1 1080 
5 183.5 72.9 35 253.2 1130 
6 185.2 68.8 36 256.4 1150 
7 186.9 62.2 37 259.7 1120 
8 188.7 57.6 38 263.2 1060 
9 190.5 52.6 39 266.7 965 

10 192.3 47.6 40 270.3 834 
11 194.2 42.8 41 274.0 692 
12 196.1 38.3 42 277.8 542 
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Ozone absorption cross-sections at 273 K averaged over spectral Intervals - Continued 

Int # AA/nm 1020 a/cm2 

13 198.0 34.7 
14 200.0 32.3 
15 202.0 31.4 
16 204.1 32.6 
17 206.2 36.4 
18 208.3 43.4 
19 210.5 54.2 
20 212.8 69.9 
21 215.0 92 
22 217.4 119 
23 219.8 155 
24 222.2 199 
25 224.7 256 
26 227.3 323 
27 229.9 400 
28 232.6 483 
29 235.3 579 
30 238.1 686 

a=(1147±20) x 10-20 cm2 at 253.7 nm. 

Ozone absorption cross-sections In the visible spectral region 

A/nm 1023 a/cm2 Alnm 1023 u/cm2 

410 2.9 560 388 
420 4.0 580 455 
440 12.5 600 489 
460 35.7 620 390 
480 71.1 640 274 
500 122 660 202 
520 178 680 142 
540 288 700 92 

Quantum yields for 0 3 photolysiS 

Atnm Quantum yield Temp./K 

248-300 <1>5 = 0.9 ± 0.1 200-300 
248300 4>1 I <\>:. - 1.00 200-300 
302 <1>5 = 0.90 298 
304 0.90 298 
306 0.85 298 
308 0.74 298 
310 0.56 298 
312 0.34 298 
314 0.18 298 
316 0.08 298 
318 0.02 298 
320 0.00 298 

Comments on Pre/erred Values 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Int # AA/nm 1020 a/cm2 

43 281.7 402 
44 285.7 277 
45 289.9 179 
46 294.1 109 
47 298.5 62.4 
48 303.0 34.3 
49 307.7 18.5 
50 312.5 9.8 
51 317.5 5.0 
52 322.5 2.49 
53 327.5 1.20 
54 332.5 0.617 
55 337.5 0.274 
56 342.5 0.117 
57 347.5 0.059 
58 352.5 0.027 
59 357.5 0.011 
60 362.5 0.005 

Absorption Cross-sections 
This data sheet is largely reproduced from our previous 

evaluation, IUP AC, 1989.10 The. recommended absorp
tion cross-section values for the wavelength range 175-
362 nm are averaged values for the standard spectral 
intervals used in modeling calculations. These values 
have been adopted from the NASA 1990 review,tl which 
accepted the values tabulated in the WMO 1986 review,6 
except for the region 185-225 nm where the values were 
taken from the recent study of Molina and Molina.4 For 
the 245-350 nm region the results of Bass and Paur are 
used, while for the remaining spectral regions the values 
were originally tabulated in Ackerman's review.12 The 
value recommended for the mercury line at 253.7 nm is 
based on results reported by Hearn,13 Molina and 
Molina4 and Mauersberger et al.s The values for the 
wavelength range 400-700 nm are taken from the WMO 
1986 review.6 The spectroscopy of ozone has been re
viewed very recently by Steinfeld, Adler-Golden and Gal
lagher.14 

Quantum Yields 
The recommended quantum yield values for the 248-

300 nm region are based on absolute quantum yield mea
surements at 248-266 nm (see CODATA, 198415 and 
CODATA, 198216

). The quantum yield values for 300-
320 nm have been calculated from the expression for 
<P5(A,T) given in the NASA, 1990 reviewY That expres
sion was' derived from the expression of Moortgat and 
KudszUS17 by using the scaling factor 0.9 to account for 
the absolute value of <1>5 at the shorter wavelengths. There 
is a need to confirm that the values of <1>5 determined at 
248-266 nm applies throughout the wavelength region up 
to 300 nm (see review by Wayne18). 
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4.2. Hydrogen Species 

H + H02 ~ H2 + O2 (1) 

~ 2HO (2) 

~ H20 + 0 (3) 

MfO{l) = -233 kJ'mol- 1 

MfO(2) = - 154 kJ'mol- 1 

1l/f"(3) = -225 kj'mol- 1 

Rate coefficient data (k = kl + k2 + ka) 

Absolute Rate Coefficients 
(8.7 ± 1.5) x 10- 11 

Branching Ratios 
kdk = 0.08 ± 0.04 
k2/k = 0.90 ± 0.04 
k3/k :: 0.02 ± 0.04 

Reviews and Evaluations 
8.0 X 10- 11 

8.1 X 10- 11 

Comments 

Temp./K 

245-300 

245-300 

245-300 
200-300 

(a) Discharge flow system with He as the carrier gas. H02 
was produced by the F + H20 2 reaction and was 
present in large excess over H atoms. H02 was moni
tored by conversion to HO by reaction with NO, with 
resonance fluorescence detection of HO. The OH 
radical and Oep) atom reaction products were also 
monitored by resonance fluorescence. 

(b) See Comments on Preferred Values. 
(c) Based on the data of Sridharan et al.4 and Keyser.1 

Reference 

Keyser, 19861 

Keyser, 19861 

IUPAC, 19892 

NASA,199Q3 

Preferred Values 

Comments 

(a) 

(a) 

(b) 
(c) 

k 8.0 X 10- 11 cm3 molecule- 1 S-I, independent of 
temperature over the range 245-300 K. 

kl = 5.6 X 10- 12 cm3 molecule- 1 S-I, independent of 
temperature over the range 245-300 K. 

k2 = 7.2 X 10- 11 cm3 molecule- 1 S-I, independent of 
temperature over the range 245-300 K. 

k3 = 2.4 X 10- 12 cm3 molecule- 1 S-I, independent of 
temperature over the runge 245-300 K. 
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Reliability 
~log k = ± 0.1 over the range 245-300 K. 
~(EIR) = ±200K. 
~log kl = ± 0.5 over the range 245-300 K. 
~log k2 = ±0.1 over the range 245-300 K. 
~log k3 = ±O.S over the range 24S-300 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUP AC, 1989.2 The study of Keyserl is the most de
tailed to date. Several species were monitored and the 
possible effects of side reactions were carefully analyzed. 
Values obtained for the overall rate coefficient and the 
branching ratios agree with those obtained by Sridharan 
et al.,4 who used a similar technique. The recommended 
rate coefficient k and the branching ratios are the aver
ages from these two studies.1

•
4 In both cases k 11k was not 

measured directly but obtained by difference. A direct 
measurement of this branchirtg ratio is desirable. 

The yield of OzCI:) in this reaction has been mea
sured by Hislop and Wayne,5 Keyser et al6 and Michelan-

MfO = - 203.4 kJ'mol-1 

geli et al.,7 who report formation yields of (2.8 ± 1.3) x 
10-4

, < 8 X 10-3 and < 2.1 x 10-2
, respectively. 

Keyserl observed no effect of temperature on the rate 
coefficient k over the small range studied. This suggests 
that the value of k2 = 3.3 X 10- 11 cm3 molecule- 1 S-1 

obtained by Pagsberg et al.8 at 349 K is too low or that 
there is a substantial negative temperature coefficient. 
We provisionally recommend EIR = 0 but only over the 
range 24S-300 K. 
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Low-pressure rate coefficients 

Rate coefficient data 

kolcrn3 molecule - 1 S-1 Ternp./K 

Absolute Rate Coefficients 
6.2 X 1O-32(T/300)-1 M [N2] 298-639 

Reviews and Evaluations 
5.9 X 1O-32(T/300)-1 II [N2] 200-300 

5.1 x W- n (Tl3UU)-1.O Lairj 200-300 

Comments 

(a) Discharge flow study with resonance fluorescence 
detection of H, HO, and HOz (after chemical 
titration) using total pressures up to 70 Torr. Relative 
rate coefficients ko(M = HzO) : ko{He) : k(Nz) = 
10.7: 0.43 : 1 were obtained at 298 K. The results are 
consistent with earlier recommendations from Ref. 3. 

(b) Average of the data from Kuryl06 and Wong and 
Davis.7 The temperature coefficient was estimated on 
the basis of these experiments and calculations from 
Ref. 8. 

(c) Based on data from Kuryl06 and Wong and Davis.7 

The temperature coefficient estimated on the basis of 
Ref. 9. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Hsu et al., 19891 (a) 

CODATA, 19802
; CODATA, 19843

; (b) 
IUPAC, 19894 

NASA,199O' (c) 

Preferred Values 

ko = 6.2 X 10-32(TI300)-1.6 [N2J cm3 molecule- 1 S-1 

over the temperature range 200-600 K. 

Reliability 
~log ko = ± O.OS at 298 K. 
~ = ±0.6. 

Comments on Preferred Values 
The preferred values are from the recent study of Hsu 

et al.,1 which appears to be most complete and accurate. 
The older data from Refs. 6-8 are in excellent agreement 
with the new results. Recent high temperature experi
ments by Pirraglia et al.1O are consistent with the pre· 
ferred values. 
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High pressure rate coefficients 

Rate coefficient data 

A .km' molecule- 1 S-1 

/(,'\'/t'ws and Evaluations 
7.5 X 10- 1l(T/300)06 
7.5 X 10-11 

Comments 

Temp.IK 

200-300 
200-300 

(it) Based on measurements, as well as calculations, of 
the temperature coefficient by Cobos et ai.8 

(h) Based on measurements from Ref. 8. The tempera
ture dependence was estimated. 

Preferred Values 

k= = 7.5 X 10- 11 cm3 molecule- 1 S-I, independent of 
temperature over the range 200-300 K. 

Reliability 
~log k= = ::to.3 at 298 K. 
&n = ±0.6. 

Comments on Preferred Values 
Measurements in MAr, N2 and CH4 all extrapolate 

to the same limiting value. The results are from a single 
study.8 

Reference 

CODATA, 19843; IUPAC, 19894 

NASA, 199<P 

Intermediate Falloff Range 

Comments 

(a) 
(b) 

The measured broadening factor Fe = 0.55 ± 0.15 for 
M = N2 from reference 8 is in agreement with a calcu
lated value of Fe 0.66. Representation of the measured 
Fe by Fe exp( - T/T*) gives T* = 498 K. 
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0+ HO ~ O2 + H 

MIo = -70.5 kJ 'mol- 1 

Rate coefficient data 

k/cm3 molecule- 1 S-l Temp./K Reference Comments 

Absolute Rate Coefficients 
(3.1 ± 0.5) x 10- 11 300 Brune, Schwab and (a) 

Anderson, 19831 

Relative Rate Coefficients 
3.4 X 10- 11 299 Keyser, 19K'12 (b) 

Reviews and Evaluations 
2.3 X 10- 11 exp(110/T) 220-500 CODATA, 19843

; IUPAC, 19894 (c) 
2.2 X 10- 11 exp(117/T) 200-300 NASA, 19905 (Ii) 
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Comments 

(a) Fast flow discharge study with OCP) atoms in excess. 
HO radicals were monitored by LMR and resonance 
fluorescence, OCP) atoms were monitored by reso
nance fluorescence and absorption, and H atoms 
were monitored by resonance fluorescence. 

(b) Fast flow discharge study. HO and H02 radicals were 
produced by the reactions of H with N02 and O2, re
spectively. Steady-state concentrations of HO and 
H02 were established in the presence of excess OCP) 
atoms by the reaction sequence 0 + H02 ~ HO + 
O2, 0 + HO ~ H + O2, and H + O2 + M ~ 
H02 + M. HO was monitored by resonance fluores
cence. H02 was determined by titration with NO and 
detection of HO. The measured [HO]/[HO.,] ratios 
gave a rate coefficient ratio of k/k(O + H02) = 
0.59 ± 0.07, which has been placed on an absolute 
basis by use of k(O + H02) = 5.8 x 10- 11 cm3 

molecule- 1 
S-1 (this evaluation). 

(c) See Comments on Preferred Values. 
(d) Based on the data of Westenberg et al.,6 Lewis and 

Watson7 and Howard and Smith.s 

Preferred Values 

k = 3.3 X 10- 11 cm3 molecule- l S-l at 298 K. 
k = 2.3 X 10- II exp(110/T) cm3 molecule- 1 S-1 over 

the temperature range 220-500 K. 

t1lfO = -225 kJ'mol- 1 

Reliability 
alog k = ±0.1 at 298 K. 
A(E /R) = ± 100 K. 

Comments on Preferred Values 
The most recent studies are those of Brune et al.1 and 

Keyser.2 Both are in excellent agreement with our previ
ous recommendations,3 which were based on a least 
squares fit to the data of Lewis and Watson7 and Howard 
and Smith.s The reaction has been the subject of a num
ber of theoretical studies; see Troe9 and Miller.10 
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4IUPAC, Supplement III, 1989 (see references in Introduction). 
~NASA Evaluation No.9, 1990 (/iCC rc;fcrcncc/i in IutlOductiun). 

6A. A. Westenberg, N. deHaas, and J. M. Roscoe, J. Phys. Chern. 74, 
3431 (1970). 

7R. S. Lewis and R. T. Watson, J. Phys. Chern. 84, 3495 (1980). 
11M. J. Howard and I. W. M. Smith, J. Chern. Soc. Faraday Trans. 2, 77, 

997 (1981). 
9J. Troe, 22nd International Symposium on Combustion, 1988 (The 

Combustion Institute, Pittsburgh, PA, 1989) pp. 843-862. 
toJ. A. Miller, J. Chern. Phys. 84, 6170 (1986). 

Rate coefficient data 

k/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 
2.91 x 10- 11 exp[(228 ± 75)1Tl 
(6.30 ± 0.91) x 10- 11 

Reviews and Evaluations 
2.9 x 10 -11 exp(200/T) 
3.0 x 10- 11 exp(200/T) 

Comments 

Temp./K 

266-391 
298 

200-400 
200-300 

(a) Pulsed laser photolysis of H20 2-03-N2 mixtures at 
248.5 nm. Total pressure = 80 Torr. OCP) atoms 
were monitored by resonance fluorescence. 

(b) Based on the data of Keyser,4 Sridharan et al.,s Ravis
hankara et al.,6 Brune et al.7 and Nicovich and Wine. 1 

Preferred Values 

k = 5.8 X 10-11 cm3 molecule- 1 S-1 at 298 K. 
k = 2.7 X 10- 11 exp(224/T) cm3 molecule- 1 S-l over 

the temperature range 200-400 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Nicovich and Wine. 19871 

IUPAC, 19892 

NASA,19903 

Reliability 
dlog k = ± 0.08 at 298 K. 
d(E/R) = ± 100 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(b) 

This data sheet is largely reproduced from our previous 
evaluation, IUPAC, 1989.2 The study of Nicovich and 
Wine1 is in excellent agreement with the earlier data of 
Keyser,4 Sridharan et al.,s Ravishankara et al.6 and Brune 
et al.7 The recommended 298 K rate coefficient is the 
mean of the values obtained in these studies.1

.4-7 The tem
perature coefficient is the mean of the values obtained by 
Nicovich and Wine l and Keyser,4 with a pre-exponential 
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t actor based on this value of E IR and the recommended 
value of k at 298 K. 

Keyser et al.s have shown that the yield of 02(bl~g') 
110m this reaction is < 1 X 10-2 per H02 removed. Srid
haran et al.9 have shown, in an 180 labelling experiment, 
that the reaction proceeds via formation of an H02_ 180 
intermediate which dissociates to OH and 1800 by rup
ture of an 0-0 bond rather than via a four centre inter
mediate yielding 180H + 00. 

References 

11. M. Nicovich and P. H. Wine, J. Phys. Chern. 91,5118 (1987) . 
.'IUPAC, Supplement III, 1989 (see references in Introduction). 

AHO -59.0 kJ·mnl- 1 

3NASA Evaluation No.9, 1990 (see references in Introduction). 
4L. F. Keyser, J. Phys. Chern. 86, 8439 (1982). 
su. C. Sridharan, L. X. Qui, and K. Kaufman, J. Phys. Chern. 86, 459 

(1982). 
6A. R. Ravishankara, P. H. Wine, and J. M. Nicovich, J. Chern. Phys. 78, 

6629 (1983). 
7Wm. H. Brune, J. J. Schwab, and J. G. Anderson, J. Phys. Chern. 87, 

4503 (1983). 
ilL. F. Keyser, K. Y. Choo, and M. T. Leu, Int. J. Chern. Kinet. 17, 1169 

(1985). 
9U. C. Sridharan, F. S. Klein, and F. Kaufman, J. Chern. Phys. 82, 592 

(1985). 

Rate coefficient data 

k/cm3 molecule- 1 S-1 Temp./K Reference Comments 

Absolute Rate Coefficients 
See comment (a) 302-349 Roscoe, 19821 (a) 

(b) 1.13 X to- 12 exp[-(2000 ± 160)/T] 298-386 Wine et 01., 19832 

(1.45 ± 0.29) x to-IS 298 

Reviews and Evaluations 

1.4 X 10- 12 exp( -2000/T) 
1.4 x 10- 12 exp( -2000/T) 

250-390 
200-300 

CODATA, 19843; IUPAC, 19894 

NASA,199OS 
(c) 
(d) 

Comments 

(a) Fast flow discharge system. OCP) atoms were pro
duced from the N + NO reaction and monitored by 
chemiluminescent reaction with NO. H20 2 was deter
mined by trapping and titrating with KMn04. The 
rate coefficient k for OCP) removal was found to vary 
with the initial [H202]/[02] ratio in the range 5-220. 
The importance of secondary reactions was con
firmed by computer modeling of the system. The au
thor concluded that secondary reactions had affected 
all previous measurements except that of Davis et al.6 

Modeling confirmed the predominance of the chan
nelleading to HO + H02 over the alternative giving 
H 20 + O2• 

(b) Laser flash photolysis of 0 3 at 532 nm in the presence 
of excess H 20 2. OCP) atoms were monitored by time
resolved resonance fluorescence. 

(c) See Comments on Preferred Values. 
(d) Based on the data of Davis et a/.6 and Wine et a/.2 

Preferred Values 

k = 1.7 X 10- 15 cm3 molecule- I S-1 at 298 K. 
k = 1.4 X 10- 12 exp( -2000IT) cm3 molecule- 1 S-l 

over the temperature range 250-390 K. 

Reliability 
~log k = ± 0.3 at 298 K. 
~(EIR) = ± 1000 K. 

Comments on Preje"ed Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.3 The results of Wine et al.2 agree 
with those of Davis et al.6 with regard to the temperature 
coefficient. but the absolute values of the rate coefficient 
k in the two studies2

,6 differ by approximately a factor of 
2 throughout the range. In both cases2

,li the observed pre
exponential factor is low compared with other atom
molecule reactions. The preferred values are derived 
from these2

,6 two sets of data. 

References 

IJ. M. Roscoe, Int. J. Chern. Kinet. 14, 471 (1982). 
2p. H. Wine, J. M. Nicovich, R. J. Thompson, and A. R. Ravishankara, 

J. Phys. Chern. 87, 3948 (1983). 
3CODATA, Supplement II, 1984 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
sNASA Evaluation No.9, 1990 (see references in Introduction). 
6D. D. Davis, W. Wong, and R. Schiff, J. Phys. Chern. 78, 463 (1974). 
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OeD) + H2 -+ HO + H (1) 

-+ Oep) + H2 (2) 

Mr(l) = -181.6 kJ'mol- 1 

AI-r(2) = -189.7 kJ'mol- 1 

Rate coefficient data (k = k1 + k2) 

Ternp./K Reference Comments 

Absolute Rate Coefficients 
(1.0 ± 0.1) x 10- 10 298 Force and Wiesenfeld, 

19811 
(a) 

Relative Rate Constants 
(7.9 ± 0.6) x 10- 11 298 Ogren et al., 19822 (b) 

Branching Ratios 
k-Jk < 0.049 298 Wine and Ravishankara, 19823 (c) 

Reviews and Evaluations 
1.1 x 10- 10 

1.0 X 10- 10 
200-350 
200-300 

CODATA, 19844; 'IUPAC, 19895 

NASA,19906 
(d) 
(e) 

Comments 

(a) Pulsed laser photolysis of 0 3 at 248 nm. Hand Oep} 
atoms were monitored by time-resolved absorption 
spectroscopy. 

(b) Photolysis of 03-H2 mixtures in the Hartley band. A 
rate coefficient ratio of k/k[OeD} + 02] = 1.97 ± 
0.15 was obtained from measurements of O2 deple
tion. The rate coefficient k was calculated using 
k[OeD} + O2] = 4.0 x 10- 11 cm3 molecule- 1 S-1 

(this evaluation). Reaction of OeD} assumed to oc
cur entirely via channel (1). 

(c) Laser flash photolysis of 0 3 at 248 nm. Oep) atoms 
were monitored by time-resolved resonance fluores
cence. 

(d) See Comments on Preferred Values. 
(e) Based on the data of Wine and Ravishankara,3.7 

Davidson et al.8
•
9 and Force and Wiesenfeld.1 

Preferred Values 

k = 1.1 X 10-10 cm3 molecule- 1 S-I, independent of 
temperature over the range 200-350 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reliability 
alog k = ±0.1 at 298 K. 
a(E/R} = ± 100 K. 

Comments on Pre/erred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.4 The recommended value is the 
mean of the values of Wine and Ravishankara,7 Davidson 
et a/.9 and Force and Wiesenfeld,t all of which are in ex
cellent agreement. Channel (1) appears to be the domi
nant pathway (> 95%)3 for the reaction. 

References 

lA. P. Force and J. R. Wiesenfeld, J. Chern. Phys. 74, 1718 (1981). 
2P. J. Ogren, T. J. Sworski, C. J. Hochanadel, and J. M. Cassel, J. Phys. 
Chern. 86, 238 (1982). 

3P. H. Wine and A. R. Ravishankara, Chern. Phys. 69, 365 (1982). 
4CODATA, Supplement II, 1984 (see references in Introduction). 
5IUPAC, Supplement III, 1989 (see references in Introduction). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
7P. H. Wme and A. K. Kavishankara, Chern. Phys. Lett. 77, lU3 (1981). 
IIJ. A. Davidson, C. M. Sadowski, H.!. Schiff, O. E. Streit, C. J. Howard, 

D. A. Jennings, and A. L. Schrneltekopf, J. Chern. Phys. 64, 57 (1976). 
9J. A. Davidson, H. I. Schiff, G. E. Streit, J. R. McAfee, A. L. 

SchrneItekopf, and C. J. Howard, J. Chern. Phys. 67,5021 (1977). 
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OeD) + H20 ~ 2HO (1) 

~ H2 + O2 (2) 

~ Oep) + H20 (3) 

",f/ (I) - -118.5 kJ-mol- 1 

\11"(.') - -197.1 kJ·mol- t 

\11 ( I) .- -189.7 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 + k3) 

! 1111' l1lolccule- 1 S-1 Temp./K Reference Comments 

1f'lII/ule Rate Coefficients 
A I - (2.02 ± 0.41) x 10- 10 298 Gericke and Comes, 1981/ (a) 

"'IIIlclllng Ralios 
A Jk < 0.049 ± 0.032 298 Wine and Ravishankara, 19822 (b) 

(c) k .'/k < 0.006 ± 0.007 298 Glinski and Birks, 19853 

Ut'\'lews and Evaluations 
2.2 X 10- 10 

2.2 X 10- 10 
200-350 
200-300 

CODATA, 19844; IUPAC, 19895 

NASA,19906 
(d) 
(e) 

Comments 

(a) Laser flash photolysis of 03-H20-Ar mixtures at 266 
nm. HO radicals were monitored by light absorption 
using a tunable dye laser. The rate coefficient kl was 
shown to be independent of the translational energy 
of OeD). 

(b) Laser flash photolysis of 0 3 at 248 nm. Oep) atoms 
were monitored by time-resolved resonance fluores
cence. 

(c) Photolysis of 03-H20 mixtures at 253.7 nm. H2 yield 
measured by Ge. 

(d) See Comments on Preferred Values. 
( e) Based on the data of Gericke and Comes, 1 Amimoto 

et af.,' Lee and Slanger,S Wine and Ravishankara,2,9 
Streit et al.lO and Glinski and Birks.3 

Preferred Values 

k = 2.2 X 10- lO cm3 molecule- 1 S-I, independent of 
temperature over the range 200-350 K. 

kl = 2.2 X 10- tO cml molecule- 1 S-l at 298 K. 
k2 < 2.2 X 10- 12 cm3 molecule -1 s -1 at 298 K. 
k3 < 1.2 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
Alog k = ± 0.1 at 298 K. 
A(E/R) = ± 100 K. 
Alog kl = ±0.1 at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced largely from our previous 

evaluations, CODATA, 19844 with the comments from 
IUPAC, 19895 being included. 

The preferred rate coefficient is a mean of the values 
of Gericke and Comes, 1 Amimoto et al.,1 Lee and 
Slanger,8 Wine and Ravishankara9 and Streit et al.,10 all 
of which are in good agreement. We make use of the 
work of Wine and Ravishankara2 and the earlier work of 
Zellner et al. ll in our recommendations for k3/k, and the 
results of Glinski and Birks3 and of Zellner et al. ll for 
kzlk. 

References 

lK. H. Gericke and F. J. Comes, Chern. Phys. Leu. 81, 218 (1981). 
2P. H. Wine and A. R. Ravishankara, Chern. Phys. 69, 365 (1982). 
3R. J. Glinski and J. W. Birks, J. Phys. Chern. 89, 3449 (1985). 
4CODATA, Supplement II, 1984 (see references in Introduction). 
5IUPAC, Supplement III, 1989 (see references in Introduction). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
7S. T. Amimoto, A. P. Force, R. G. Gullotty, Jr., and J. R. Wiesenfeld, 
J. Chern. Phys. 71,3640 (1979). 

ilL. C. Lee and T. G. Sianger, Geophys. Res. Lett. 6, 165 (1979). 
9p. H. Wine and A. R. Ravishankara, Chern. Phys. Lett. 77,103 (1981). 
lOG. E. Streit, C. J. Howard, A. L. Schmeltekopf, J. A. Davidson, and 
H. I. Schiff, J. Chern. Phys. 65, 4761 (1976). 

111{. Zellner, U. Wagner, and H. J. Himme, J. Phys. Chern. 84, 31Y6 
(1980). 
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HO + H2 ~ H20 + H 

Mr = -63.1 kJ·mol-1 

Rate coefficient data 

k/cm3 molecule-1 S-1 Temp./K Reference Comments 

Absolute Rate Coefficients 
(6.1 ± 1.0) x lO-ls 298 Zellner and Steinert, 19811 (a) 

Relative Rate Coefficients 
(8.5 ± 1.8) x lO-IS 296 Sworski, Hochanadel and Ogren, 198()2 (b) 

Reviews and Evaluations 
7.7 x lO-12 exp( - 2100/T) 200-450 CODATA, 19843

; IUPAC, 19894 (c) 
5.5 X lO-12 exp( -2000IT) 200-300 NAsA,199W (d) 

Comments 

(a) Fast flow discharge study. The H + N02 reaction was 
used as the HO source. HO radicals were monitored 
by resonance fluorescence. 

(b) Flash photolysis of HzO-C~-Hz mixtures at a total 
pressure of 760 Torr. CH3 radicals were monitored by 
absorption at 216 nm. The rate coefficient k was 
derived by computer fit of CH3 decay profile to an as
sumed reaction mechanism. 

(c) See Comments on Preferred Values. 
(d) Based on the data of Zellner and Steinert, 1 Greiner,6 

Tully and Ravishankara/ Ravishankara et al.,8 Stuhl 
and Niki,9 Westenberg and deHaas,1O Smith and Zell
ner,11 Overend et al. 12 and Atkinson et al. 13 

Preferred Values 

k = 6.7 X 10- IS cm3 molecule- l S-I at 298 K. 
k = 7.7 X 10-12 exp( -2100IT) cm3 molecule- l S-1 

over the temperature range 200-450 K. 

Reliability 
.dlog k = ±O.l at 298 K. 
.d(EIR) = ±200 K. 

Comments on Pre/erred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.3 There are several studies in good 
agreement on both the temperature coefficient and abso-

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

lute values of the rate coefficient. The preferred 298 K 
rate coefficient is the mean of the results of Zellner and 
Steinert, 1 Greiner/' Tully and Ravishankara,7 Stuhl and 
Niki,9 Ravishankara et al.,s Westenberg and deHaas,lO 
Smith and Zellner,l1 Overend et al.12 and Atkinson et al. 13 

The preferred value of E /R is the mean of the values of 
Smith and Zellner,l1 Atkinson et al. 13 and Ravishankara 
et al.8 The pre-exponential factor in the rate expression is 
calculated to fit the preferred value of k at 298 K and of 
EIR. 

References 

lR. Zellner and W. Steinert, Chern. Phys. Lett. 81 568 (1981). 
2T. J. Sworski, C. S. Hochanadel, and P. J. Ogren, J. Phys. Chern. 84,129 
(1980). 

3CODATA, Supplement II, 1984 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
sNASA Evaluation No.9 1990 (see references in Introduction). 
6N. R. Greiner, J. Chern. Phys. 51, 5049 (1969). 
7F. P. Tully and A. R. Ravishankara, J. Phys. Chern. 84, 3126 (1980). 
SA. R. Ravishankara, J. M. Nicovich, R. L. Thompson, and F. P. Tully, 
J. Phys. Chern. 85, 2498 (1981). 

9p. Stuhl and II. Niki, J. Chcm. Phys. 57, 3671 (1972). 
lilA. A. Westenberg and N. deHaas, J. Chern. Phys. 58, 4061 (1973) . 
111. W. M. Smith and R. Zellner, J. Chern. Soc. Faraday Trans. 2, 70, 
1045 (1974). 

12R. Overend, G. Paraskevopoulo5, and R. J. Cvetanovic, Can. J. Chern. 

53,3374 (1975). 
13R. Atkinson, D. A. Hansen, and J. N. Pitts, Jr., J. Chern. Phys. 63,1703 
(1975). 
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,1/ - 71.2 kJ'mol- 1 

I • ",' lllolccule- 1 S-1 

., • ., '/1111' Rate Coefficients 
(I I ..!.. 0.2) X 10- 12 

I .' X 10- 12 exp( - 242fT) 
(I ., ~ :t 0.3) X 10- 12 

/,', I ,,'WS and Evaluations 
I H x 10- 12 

'\ .! x 10- 12 exp( - 240fT) 

Temp./K 

298 

250-580 
298 

298 
200-300 

Comments 

HO + HO ~ H20 + 0 

Rate coefficient data 

Reference Comments 

Farquharson and Smith, 19801 (a) 

Wagner and Zellner, 19812 (b) 

CODATA, 19823; IUPAC, 19894 (c) 
NASA,199OS (d) 

( ,,) Discharge flow system used. HO radicals were gener
ated by the H + NOz reaction and monitored by res
onance fluorescence. 

rate coefficient k at temperatures close to 298 K, with k 
being in the range (1.4-2.3) x 10- 12 CUl~ mulecule- 1 S-l. 

We take the mean of the more recent studies1
•
2
.6-9 for our 

preferred value at 298 K and accept the. temperature de
pendence determined by Wagner and Zellner2 for the 
temperature coefficient of k. (h) Flash photolysis of Nr H20 mixtures. HO radicals 

were monitored by resonance absorption. 
(c) Mean of results from Refs. 1 and 6-13. 
(d) Based on average of the data from Refs. 1, 2 and 6-9 

with the temperature dependence from Ref. 2. 

Preferred Values 

k = 1.9 X 10- 12 cm3 molecule- 1 
S-1 at 298 K. 

k = 4.2 X 10- 12 exp( -240fT) cm3 molecule- 1 
S-l over 

the temperature range 250-500 K. 

Reliability 
~log k = ±0.15 at 298 K. 
~(E/R) = ±240 K. 

Comments on Prpferred Values 
This data sheet is reproduced from our previous evalu

ation3 with the inclusion of the work of Wagner and Zell
ner.z There are a number of measurements1•Z.6-13 of the 

AIr = -214.9 kJ'mol- 1 

References 

IG. K. Farquharson, and R. L. Smith, Aust. 1. Chern. ~3, 1425 (1980). 
2G. Wagner and R. Zellner, Ber. Bunsenges Phys. Chern. 85, 1122 

(1981). 
3CODATA, Supplement I, 1982 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
0A. A. Westenberg and N. deHaas, J. Chern. Phys. 58, 4066 (1973). 
7A. McKenzie, M. F. R. Mulcahy, and J. R. Steven, J. Chern. Phys. 59, 
3244 (1973). 

11M. A. A. Clyne and S. Down, J. Chern. Soc. Faraday Trans. 2,70,253 
(1974). 

.'10. W. Trainor and C. W. von Rosenberg, 1. Chern. Phys. 61, 1010 
(1974). 

HlF. P. Del. Greco and F. Kaufman, Discuss. Faraday Soc. 33, 128 
(1962). 

110. Dixon-Lewis, W, E. Wilson, and A. A. Westenberg, J. Chern. Phys. 
44,2877 (1966). 

12W. E. Wilson and J. T. O'Donovan, J. Chern. Phys. 47, 5455 (1967). 
13J. E. Breen and G. P. Glass, J. Chern. Phys. 52, 1082 (1970). 

Low pressure rate coefficients 

kolcm3 molecule - 1 S-I 

Absolute Rate Coefficients 
6.9 x 1O-31 (Tf300)-OIl [N2] 

Reviews and Evaluations 
8.0 X 1O-31 (Tf300)-O,70 [N2] 
6.9 x 1O-31(T/300)-OIl [N2] 

6.9 x 1O-31 (Tf300)-O!! [air] 

Temp./K 

253-353 

200-1500 
200-300 
200-300 

Rate coefficient data 

Reference 

Zellner et al., 19881 

Brouwer et al., 19872 

CODATA, 1980;3 IUPAC, 19894 

NASA,199OS 

Comments 

(a) 

(b) 
(c) 
(d) 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) HO was generated by the flash photolysis of H20 va
por in the pressure of 26-1100 mbar of N2, and de
tected by resonance absorption. The reaction was 
found to be close to the low-pressure limit. Analysis 
of the falloff curves was made by estimating Fc = 0.6. 

(b) Theoretical analysis of the collision-free dissociation 
of H202 after overtone excitation and the high pres
sure thermal recombination of HO radicals (Fc = 
0.5). Limiting rate coefficients based on data from 
Ref. 6 in agreement with Ref. 1 at low temperatures 
and the data of Meyer et al. 7 at 1200 K (corrected ac
cording to Ref. 8). 

(c) Based on the data from Ref. 6. 
(d) Based on the data from Ref. 1. 

Preferred Values 

ko = 8 X 10-31(T/300)-o.s [N2] cm3 molecule- 1 S-1 over 
the temperature range 200-300 K. 

Reliability 
~log ko = ± 0.3 at 298 K. 
an = ±O.S. 

Comments on Preferred Values 
Because of the discrepancy with the data from Trainor 

and von Rosenberg9 (which were lower by a factor of 2.7), 
the low pressure rate coefficients of Ref. 1 need experi
mental verification. The recent high pressure measure
ments from Ref. 10 suggest a slight shift of the falloff 
curve which is more consistent with the ko value of the 
analysis of Ref. 2. The reported value of n is also consis
tent with this theoretical analysis.2 

High-pressure rate coefficients 

Rate coefficient data 

Temp./K Reference Comments 

Absolute Rate Coefficients 
1.5 x 10- 11 

3.0 X 10- 11 
253-353 
295 

Zellner et ai., 19881 

Forster et al., 199110 
(a) 
(b) 

Reviews and Evaluations 
1.5 X 1O-1l(T/300)-()37 200-1500 

200-300 
200-300 

Brouwer et al., 19872 (c) 
(d) 
(e) 

3.0 X 10- 11 

1.5 X 10- 11 
CODATA, 19803; IUPAC, 19894 

NASA,199OS 

Comments 

( a) See comment ( a) for ko• Only the lower part of the 
falloff curve was studied, with N2 pressures :s:; 1 bar. 
The extrapolation to k~ was relatively uncertain. 

(b) Laser flash photolysis in M = He at pressures up to 
200 bar, with LIF detection of HO. The experiments 
approached the high pressure limit. 

(c) See comment (b) for ko• 
(d) See comment (c) for ko• 
(e) See comment (d) for ko• 

Preferred Values 

koo = 3 X 10- 11 cm3 molecule- 1 S-I, independent of 
temperature over the range 200-300 K. 

Reliability 
~log koo = ±0.3 at 208 K. 
~ = ±O.S. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Comments of Preferred Values 
The new experiments from Ref. 10 are the first con

ducted close to the high pressure limit. Together with the 
analysis2 of photolysis and thermal dissociation rates they 
provide a consistent picture of the falloff curve con
structed with a theoretically determined value of Fc = 0.5 
over the temperature range 200-300 K. 

References 

lR. Zellner, F. Ewig, R. Paschke, and G. Wagner, J. Phys. Chern. 92, 
4184 (1988). 

2L. Brouwer, C. J. Cobos, J. Troe, H. R. Dtiball, and F. F. Crim, J. 
Chern. Phys. 86, 6171 (1987). 

3CODATA, 1980 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
fiG. Wagner, Diploma Thesis, Gottingen, 1979. 
7E. Meyer, H. A. Olschewski, J. Troe, and H. Gg. Wagner, 12th Inter

national Symposium on Combustion, 1968 (The Combustion Institute, 
Pittsburgh, PA, 1969), pp. 345-355. 

IIH. Kijewski and J. Troe, Helv. Chim. Acta 55, 205 (1972). 
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'I I W Trainor and C. W. von Rosenberg, J. Chern. Phys. 61, 10lO 
( 1"J!4). 

\1/" -. -296 kJ'mol- 1 

lOR. Forster, M. J. Frost, H. Hippler, and J. Troe, preprint 1991; R. 
Forster, Ph.D. Thesis, Gottingen, 1991. 

Rate coefficient data 

~ 1111' molecule- 1 S-1 

f /twlllie Rate Coefficients 
('i 2 ± 1.2) x lO-l1 
I 7 X 10- 11 exp[(416 ± 86)/T] 
(II 9 ± 1.1) x lO-l1 
(t.l ± 0.28) x lO-1O 
4 I{ X 10- 11 exp[(250 ± 50)/T] 
(1.1 ± 03) )( 10- 10 

(I{ O:~::) x lO-l1 

UI'I'lews and Evaluations 
J j.( )( 10- 11 exp(2~OJT) 

4.X X 10- 11 exp(250/T) 

Comments 

Temp./K 

298 
252-420 
298 
298 
254-383 
299 
298 

?'~()....400 

200-300 

(a) Discharge flow study with He as the carrier gas. H02 
produced by the F + H202 reaction, and HO by the 
reaction sequence H + O2 ~ H02 + M and H02 + 
H ~ HO + HO. HO radicals were monitored by 
EPR and H02 by LMR. 

(b) Discharge flow study with He as the carrier gas. HO 
produced by the reactions H + F2 ~ HF + F and 
F + H20 -+ HF + HO. HO radicals were monitored 
by LIF at 308.6 nm. H02 produced by the reaction 
of F + H20 2 -+ HF + H02. H02 was determined by 
rapid conversion to HO by reaction with NO and de
tection of HO by LIF. H02 was present in large ex
cess over HO. 

(c) Discharge flow study with He as the carrier gas. 
Isotopic labelling was used to study the reactions 
I80H + H 160 2 ~ H 2

I80 + 160 2 and I80H + H 160 2 

~ 160H + H 180 160. H02 was prepared by H + 
02 + M and OH by F + H 20 reactions. 160H. I80H 
and H 160 180 were monitored by LMR. Results sug
gested that both reaction pathways are equally prob
able, but this result may have been affected by side 
reactions due to traces of Hand OCP) atoms. Kurylo 
et al.8 found no evidence for isotopic scrambling. 

(d) Discharge flow study with He as the carrier gas. H02 
was produced by F + H20 2 and OH by F + H 20. A 
large excess of H02 was used. HO was monitored by 
resonance fluorescence and H02 was determined by 
titration with NO. N02 was added to the system to 
scavenge small amounts of Oep) and H atoms 
present. 

( e) Discharge flow study using He and Ar as the carrier 
gases. HO and HOz radicals were monitored by 
LMR. Computer modeling was used to check on in
terference by reactions of traces of Hand Oep) 
atoms. 

Reference 

Rozenshtein et al., 19841 

Sridharan, Qui and Kaufman, 19842 

Dransfeld and Wagner, 19863 

Keyser, 19884 

Schwab, Brune and Anderson, 19895 

llJPAr,19R96 

NASA,19907 

(f) See Comments on Preferred Values. 
(g) Accepts the expression of Keyser.4 

Preferred Values 

Comments 

(a) 
(b) 

(c) 
(d) 

(e) 

(f) 
(g) 

k = 1.1 X 10- 10 cm3 molecule- I S-1 at 298 K. 
k = 4.8 X 10- 11 exp(250/T) cm3 molecule- 1 S-1 over the 

temperature range 250-400 K. 

Reliability 
.1log k = ±0.1 at 298 K. 
.1(E/R) = ±200 K. 

Comments on Pre/erred Values 
This data sheet is largely reproduced from our previous 

evaluation6 but with the inclusion of dala frum Dransfield 
and Wagne~ which was overlooked previously and the 
new data of Schwab et al.,5 both of which studies give a 
rate coefficient at 298 K in excellent agreement with onr 
recommenda tions. 6 

There has been considerable controversy over the ef
fects of pressure on the rate coefficient for this reaction. 
Discharge flow measurements at low total pressures 
(1-10 Torr) consistently gave values of k approximately a 
factor of 2 lower than those obtained by other techniques 
at pressures close to atmospheric. The discharge flow 
study of Keyser4 appears to have resolved the problem. 
The results of Keyser4 suggest that (a) the presence of 
small quantities ofH and Oep) atoms present in previous 
discharge flow studies could have led to erroneously low 
values of k, and (b) there is no evidence for any variation 
in k with pressure. These findings4 are accepted and we 
take the expression of Keyser4 for the rate coefficient k as 
our recommendation. 

In another discharge-flow study, Keyser et al. 9 moni
tored the 02(b1!;) -+ XC!g) transition at 762 nm and 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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showed that the yield of 02(b1Ig') from the reaction is 
small « 1 X 10-3

). 

References 

IV. B. Rozenshtein, Y. M. Gershenzon, S. D. I1'in, and O. P. Kiskovitch, 
Chern. Phys. Lett. 112,473 (1984). 

2U. C. Sridharan, L. X. Qui, and F. Kaufman, J. Phys. Chern. 88, 1281 
(1984). 

3p. Dransfeld and H. Gg. Wagner, Z. Naturforsch. 42a, 471 (1986). 

aIr = -130.2 kJ'mol- 1 

4L. F. Keyser, J. Phys. Chern. 92, 1193 (1988). 
sJ. J. Schwab, W. H. Brune, and J. G. Anderson, J. Phys. Chern. 93,1030 

(1989). 
6IUPAC, Supplement III, 1989 (see references in Introduction). 
7NASA Evaluation No.9, 1990 (see references in Introduction). 
8M. J. Kurylo, O. Klais, and A. H. Laufer, J. Phys. Chern. 85, 3674 

(1981). 
9L. F. Keyser, K. Y. Choo, and M. T. Leu, Int. J. Chern. Kinet. 17, 1169 

(1985). 

Rate GoefflGlent data 

kfcm3 molecule- I S-I Temp./K Reference Comments 

Absolute Rate Coefficients 
2.76 X 10- 12 exp[ - (110 ± 60}fT] 273-410 Vaghjiani, Ravishankara 

and Cohen, 19891 
(a) 

(1.86 ± 0.18) x 10- 12 298 

Reviews and Evaluations 
2.9 X 10- 12 exp( -160fT) 
2.9 x 10- 12 exp( -160fT) 

240-460 
200-300 

CODATA, 19842; IUPAC, 19893 

NASA,19904 
(b) 
(c) 

Comments 

(a) Pulsed laser photolysis of H20 2 or 0 3- HzO mixtures in 
a variety of buffer gases (He, Nz, SF6) at total pres
sures of 50-500 Torr. DO + D20 Z, DO + H20 2 and 
HO + D202 reactions were also studied in similar 
fashion. 

(b) See Comments on Preferred Values. 
(c) Based on the data of Wine et al.,1 Kurylo et al.,5 Srid

haran et al.6 and Keyser.7 

Preferred Values 

k 1.7 X 10- 12 cm3 molecule- 1 s-! at 298 K. 
k 2.9 X 10- 12 exp( -160/T) cm3 molecule- 1 S-1 over 

the temperature range 240-460 K. 

Reliubility 
alog k = ±0.1 at 298 K. 
a(E/R) = ± 100 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Comments on Preferred Values 
The most recent study! is in good agreement with pre

vious work.6-10 Our previous recommendations2.3 are un
changed and are identical with the values derived by 
Kurylo et al5 from a least-squares fit to the data in Refs. 
6-10. 

References 

IG. L. Vaghjiani, A. R. Ravishankara, and N. Cohen, J. Phys. Chern. 93, 
7833 (1989). 

2CODATA, Supplement. II, 1984 (see references in Introduction). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
sM. J. Kurylo, J. L. Murphy, G. S. Haller, and K. D. Cornete, Int. J. 

Chern. Kinet. 14, 1149 (1982). 
6U. C. Sridharan, B. Reimann, and F. Kaufman, J. Chern. Phys. 73, 1286 

(1980). 
7L. F. Keyser, J. Phys. Chern. 84, 1659 (1980). 
8p. H. Wine, D. H. Semmes, and A. R. Ravishankara, J. Phys. Chern. 7S, 
4390 (1981). 

9F. Temps and H. Gg. Wagner, Ber. Bunsenges Phys. Chern. 86, 119 
(1982). 

lIlW. J. Marinelli and H. S. Johnston, 1. Chern. Phys. 77, 1225 (1982). 
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\1/" = -167.4 kJ'mol- 1 

Rate coefficient data 

~ h 1111 molecule -1 s - 1 

IIJ\(}/ute Rate Coefficients 
(6.5 ± 1.0) X 10- 14 

1.52 X 10- 12 exp[ - (890 ± 60)/T] 
(7.46 ± 0.16) X 10- 14 

Ur/alive Rate Coefficients 
(7.0 ± 0.8) X 10- 14 

1<1'l'leWS and Evaluations 
1.9 X 10- 12 exp( -1000/T) 
1.6 x 10 - 12 cxp( 940fT) 

Comments 

Temp./K 

300 
240-295 
295 

300 

220-450 
200 300 

(a) Discharge flow system used. HO radicals were gener
ated from H + N02 and monitored by LMR. 

(b) Flash photolysis of 03-H20 mixtures in 1 atm He. HO 
radicals were monitored by resonance fluorescence. 

(c) Discharge flow system used. HO radicals were gener
ated from the H + N02 and H + 0 3 reactions, and 
H02 radicals were generated from the reaction H + 
O2 + M. H02 and HO radicals were monitored by 
LMR. A rate coefficient ratio of k/k(H02 + 0 3) = 
35 ± 4 (average of three systems studied) was ob
tained and placed on an absolute basis by use of 
k(H02 + 0 3) = 2.0 X 10- 15 cm3 molecule-1 S-1 at 
300 K (this evaluation). 

(d) See Comments on Preferred Values. 
(e) Based on the work of Zahniser and Howard,1 Smith 

et al.2 Anderson and Kaufman,6 Kuryl07 and Ravis
hankara et al.8 

Preferred Values 

k = 6.7 X 10- 14 cm j molecule- 1 S-1 at 298 K. 
k = 1.9 X 10- 12 exp( -1000/T) cm3 molecule- I S-1 

over the temperature range 220-450 K. 

Reliability 
~log k = ±0.15 at 298 K. 
~(E/R) = ±300 K. 

Reference 

Zahniser and Howard, 19801 

Smith et al., 19842 

Zahniser and Howard, 19801 

CODATA, 19823; IUPAC, 19894 

NASA,199<P 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 

(d) 
(e) 

This data sheet is reproduced largely from our previous 
evaluation, CODATA, 1982,3 with the addition of com
ments from IUPAC, 1989.4 There is good agreement 
among the various studies for the rate coefficient k. The 
recommended value for E /R is the mean of the values of 
Smith et al., 2 Anderson and Kaufman6 and Ravishankara 
et al. 8 The recommended 298 K rate coefficient is the 
mean of the values from these studies2,6,8 plus those of 
Zahniser and Howard l and Kurylo.7 The pre-exponential 
factor is derived from the recommended values of E /R 
and the 298 K rate coefficient. 

References 

1M. S. Zahniser and C. J. Howard, J. Chern. Phys. 73, 1620 (1980). 
2c. A. Smith, L. T. Molina, J. J. Lamb, and M. J. Molina, Int. J. Chern. 

Kinet. 16, 41 (1984). 
3CODATA, Supplement I, 1982 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6J. G. Anderson and F. Kaufman, Chern. Phys. Lett. 19, 483 (1973). 
7M. J. Kurylo, Chern. Phys. Lett. 23, 467 (1973). 
sA. R. Ravishankara, P. H. Wine, and A. O. Langford, J. Chern. Phys. 

70, 984 (1979). 
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H02 + H02 ~ H20 2 + O2 (1) 

H02 + H02 + M ~ H20 2 + O2 + M (2) 

Mr(1) = Mr(2) = -166 kJ'mol- 1 

Rate coefficient data (k = k1 + k2) 

Absolute Rate Coefficients 
(3.3 ± 0.9) x 10- 12 

(1.5 ± 0.5) x 10- 12 

(8.8 ± 1.2) x 10- 13 

(8.2 ± 2.0) x 10- 13 

(8.1 ± 1.5) x to- 13 

(7.6 ± 1.4) x to- 13 

(9.1 ± 2.5) x 10- 13 

(2.44 ± 0.20) x to- 12 (760 Torr O2) 

(2.84 ± 0.30) x to- 12 (760 Torr N2) 

Reviews and Evaluations 
k 1 = 2.2 X to -13 exp( 6oo/T) 
k2 = 1.4 X 10-33 [Nz] exp(980/T) 
kl 2.3 x to- 13 exp(590/T) 
k2 = 1.7 X 10-33 [M] exp(l000/T) 

Comments 

Temp./K 

298 
418 
577 
623 
677 
723 
777 
298 
298 

230-420 

200-300 

(a) Flash photolysis of Ch-02-CH30H mixtures. H02 

radicals were monitored by UV absorption at 220-
227.5 nm (2.0 nm band width). Values of k/a given by 
authors were converted to the tabulated values of k 
using a(210 nm) = 4.4 x 10-18 cm2 and the temper
ature dependence of a of Kijewski and Troe,s as sug
gested by Lightfoot et al.1 

(b) Molecular modulation technique used, with photoly
sis of Ch-HrOr N2 mixtures. H02 radicals were 
monitored by UV absorption. Experiments were car
ried out independently in two laboratories (Mainz 
and Harwell). Rate coefficients k were calculated us
ing values of IT determined in the same experiments_ 

(C) See Comments on Preferred Values. 
(d) Expression for kl based on the results of Cox and Bur

rows,6 Kircher and Sander,' Thrush and Tyndall,8.9 
Takacs and Howardw and Kurylo et al. ll The expres
sion for k2 was based on the work of Sander et al., 12 

Simonaitis and Heicklen,13 Kircher and Sander' and 
Kurylo et al. 11 

Preferred Values 

kl = 1.6 X 10-12 cm3 molecule- l S-I at 298 K. 
k2 = 5.2 X 10-32 [N2] cm3 molecule- 1 S-1 at 298 K. 
k2 = 4.5 X 10-32 [02] cm3 molecule- l S-1 at 298 K. 
kl = 2.2 X 10- 13 exp(600/T) cm3 molecule- 1 S-l over 

the temperature range 230-420 K. 
k2 = 1.9 X 10-33 exp(980/T)[N2J cm3 molecule- l S-l 

over the temperature range 230-420 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Lightfoot, Veyret and Lesdaux, 19881 (a) 

Crowley et al .• 19912 (b) 

IUPAC, 19893 (c) 

NASA,19904 (d) 

In the presence of H20, the expressions for kl and k2 
should be multiplied by the factor {I + (1.4 x 10-21 

exp(2200/T)[H20])} . 

Reliability 
Alog kl = Alog k2 = ±0.15 at 298 K. 
A(El/R) = ±200 K. 
A(Ez/R) = ± 300 K. 

Comments on Preferred Values 
The recommendations, which are unchanged from our 

previous evaluation,3 are identical with the values derived 
hy Kircher and Sanoer_' At temperatures close to 298 K, 
the reaction proceeds by two channels, one bimolecular 
and the other termolecular. The preferred values for kl 
are based on the work of Cox and Burrows,6 Kircher and 
Sander,7 Thrush and Tyndall/ Takacs and Howard,lU 
Kurylo et al. ll and Lightfoot et al.1 The work of Kurylo 
et ai.ll and of Lightfoot et al. l has confirmed quantita
tively the effects of pressure previously observed by 
Kircher and Sander' and Simonaitis and Heicklen.13 The 
recommendations for k2 are based on the work of these 
authors, the temperature coefficient of k2 being taken 
from Lightfoot et al. l and Kircher and Sander.' At higher 
temperatures, T > 600 K, Hippler et al. 14 and Lightfoot 
et al. l observe a sharp change in the temperature depen
dence. The values of k obtained by Crowley et ai.,2 from 
experiments primarily aimed at characterizing the UV 
absorption spectrum, are in good agreement with the rec
ommended expression for k. 

There have been no recent experimental studies to 
check the marked effect of H20 on the rate coefficient, 
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hlll the work of Andersson et al. Is shows that CH30H has 
,1 ',lInilar effect, suggesting that it is typical of strongly po
Ll r hydrogen bonding species. Mozurkewich and Ben
".1111

1
(, have considered the effect theoretically and 

, 11Ilrlllde that the negative temperature dependence, the 
I'rc~~lIre dependence, and the observed isotope effects 
,.111 most reasonably be explained in terms of a cyclic hy
IIr ()~en bonded, H20H02, intermediate in contrast to al
telnative structures suggested by others. 

Sahetchian et al.17 reported the formation of H2 
( 10% at 500 K) in the system but this is contrary to ear
lier evidence of Baldwin et al. Is and the more recent and 
l ,II cf ul study of Stephens et al.19 who find less than 0.01 % 
I r .Ictional contribution from the channel leading to H2 + 
. '( )2. 

Keyser et al.20 have measured a yield of 02(bl'~:;) of 
. 3 x 10-2 per H02 consumed. 

References 

Ip D. Lightfoot, B. Veyret, and R. Lesclaux, Chern. Phys. Lett. ISO, 120 
(1988). 

'J N. Crowley, F. G. Simon, J. P. Burrows, G. K. Moortgat, M. E. 

Jenkin, and R. A. Cox, 1. Photochern. Photobiol. A: Chemistry 60, 1 
(1991). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5H. Kijewski and J. Troe, Helv. Chirn. Acta 55, 205 (1972). 
6R. A. Cox and J. P. Burrows, J. Phys. Chern. 83, 2560 (1979). 
7C. C. Kircher and S. P. Sander, J. Phys. Chern. 88,2082 (1984). 
8B. A. Thrush and G. S. Tyndall, Chern. Phys. Lett. 92, 232 (1982). 
9B. A. Thrush and G. S. Tyndall, J. Chern. Soc. Faraday 2, 78, 1469 

(1982). 
lOG. A. Takacs and C. J. Howard, J. Phys. Chern. 88, 2110 (1984). 
11M. J. Kurylo, P. A. Oullette, and A. H. Laufer, J. Phys. Chern. 90,437 
(1986). 

12S. P. Sander, M. Peterson, R. T. Watson, and R. Patrick, J. Phys. 
Chern. 86, 1236 (1982). 

13R. Sirnonaitis and J. Heicklen, J. Phys. Chern. 86, 3416 (1982). 
14H. Hippler, J. Troe, and J. Willner, J. Chern. Phys. 93, 1755 (1990). 
15B. Y. Andersson, R. A. Cox, and M. E. Jenkin, Int. J. Chern. Kinet. 
20, 283 (1988) . 

16M. Mozurkewich and S. W. Benson, Int. J. Chern. Kinet. 17, 787 
(1985). 

17K. A. Sahetchian, A. Heiss, and R. Rigny, Can. J. Chern. 60, 2896 
(1982). 

18R. R. Baldwin, C. E. Dean, M. R. Honeyman, and R. W. Walker, 1. 
Chern. Soc. Faraday 1, 80, 3187 (1984). 

19S. L. Stephens, J. W. Birks, and R. J. Glinski, J. Phys. Chern. 93, 8384 
(1989). 

20L. F. Keyser, K. Y. Choo, and M. T. Leu, Int. J. Chern. Kinet.17, 1169 
(1985). 

Rate coefficient data 

k/crn3 rnolecule- 1 S-1 

Absolute Rate Coefficients 
(1.9 ± 0.3) x 10- 15 

3.2 X lO-13 exp[ - (1730 ± .. 740)/T] + 
(1.2 ± 0.5) x lO-15 
(2.14 ± 0.14) x 10- 15 

1.8 x lO -14 exp[ - (680 ± 148)/T] 
(1.3 ± 0.3) x lO-15 
(1.9 ± 0.3) x lO-15 

Reviews and Evaluations 
1.4 x lO -14 exp( - 6oo/T) 
1.1 x lO-14 exp( -5OO/T) 

Comments 

Ternp./K 

298 
243-413 

297 
253-400 
233-253 
298 

250-350 
240-300 

(a) Discharge flow study with He as the carrier gas. H02 
was produced by the reaction sequence CI + CH30H 
~ CH20H + HC} and CH20H + O2 ~ H02 + 
CH20, and an excess of 0 3 was used. 0 3 was deter
mined by absorption at 253.7 nm. H02 radicals were 
monitored by photodissociation at 147 nm and detec
tion of HO(A-X) fluorescence at 310 nm. C2F3CI and 
C3Hs were used as scavengers for HO radicals pro
duced from the reaction. 

Reference 

Manzanares et al., 19861 

Sinha, Lovejoy and 
Howard, 19872 

Wang, Suto and Lee, 19883 

IUP AC, 19894 

NASA,199OS 

Comments 

(a) 
(b) 

(c) 

(d) 
(e) 

(b) Discharge flow study with He as the carrier gas. H02 

radicals were generated by the reaction sequence 
CI+CH30H ~ CH20H + HCI and CH20H + O2 
~ H02 + CH20, and 160 and ISO labelled species 
were used. HI60, H1SO, HI60 2 and H1S0 2 were moni
tored by LMR. 

(c) Techniques as in (a), but only C3Hs used as an HO 
radical scavenger. 

(d) See Comments on Preferred Values. 
(e) Based on the work of Zahniser and Howard,6 Manza

nares et al., 1 Sinha et al.2 and Wang et al.3 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Preferred Values 

k = 2.0 X 10-15 cm3 molecule- 1 S-1 at 298 K. 
k = 1.4 X 10-14 exp( -600fT) cm3 molecule- 1 S-1 over 

the temperature range 250-350 K. 

Reliability 
Alog k = ± 0.2 at 298 K. 
A(E/R) = ~;:~. 

Comments on Pre/erred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.4 All of the recent studies are in ex
cellent agreement on the rate coefficient k at 298 K. The 
studies of Sinha et al.2 and Wang et al.3 both agree that 
the rate coefficient exhibits non-Arrhenius behavior, ap
parently approaching a constant value of approximately 1 
x 10- 15 cm3 molecule- 1 S-1 at T < 250 K. There are ex
perimental difficulties in working at these temperatures 

and this finding is not incorporated into our recommen
dations without further confirmation. At higher tempera
ture, the results from these two studies diverge giving rate 
coefficients differing by nearly a factor of 2 at 400 K. We 
therefore limit the temperature of our recommendation 
to temperatures < 350 K until this discrepancy is re
solved. 

For modeling at temperatures in the range 200-250 K 
a value of k = 1.2 X 10- 15 cm3 molecule- 1 S-1 should be 
used. 

References 

IE. R. Manzares, M. Suto, L. C. Lee, and O. Coffey Jr., J. Chem. Phys. 
85, 5027 (1986). 

2A. Sinha, E. R. Lovejoy, and C. J. Howard, J. Chem. Phys. 87, 2122 
(1987). 

3X. Wang, M. Suto, and L. C. Lee, J. Chern. Phys. 88, 896 (1988). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6M. S. Zahniser and C. J. Howard, J. Chern. Phys. 73, 1620 (1980). 

H20 + h v ~ products 

Reactions 

H20 + hv -+ H2 + OCP) 

-+ H + HO 

-+ H2 + QeD) 

Wavelength range/nm 

176-185 
185-198 
175-185 
175-182 

Measurement 

</>1 ~ 0.003 

(1) 

(2) 

(3) 

Primary photochemical processes 

M/291! /kJ'mol- 1 

491.0 

499.1 

680.7 

Absorption cross-section data 

Reference 

Watanabe and Zelikoff, 19531 

Thompson, Harteck and Reeves, 19632 

Laufer and McNesby, 19653 

Schurgers and Welge, 19684 

Quantum yield data 

Wavelength 
range/nm Reference 

174 Chou, Lo and Rowland, 19745 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Alhre,hol.Jnm 

243 

239 

176 

Comments 

(a) 
(b) 
(c) 
(d) 

Comments 

(e) 
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Comments 

( .1) Static system. H20 was determined by pressure mea
surement over the range 0.08-8 Torr. Resolution was 
approximately 0.1 nm. Only graphical presentation of 
data. 

( h) Static system double beam Perkin-Elmer 350 spec
trophotometer used with a 10 cm pathlength. H20 
pressure was 20 Torr. No details of pressure mea
surement or resolution were given. Only graphical 
presentation of data. 

(c) Static system. H20 was determined by pressure mea
surement. 0.5 m grating monochromator, with a 0.66 
nm bandwidth. Only graphical presentation of data. 

(<I) Flowing system. H20 was determined using a mem
brane manometer. 0.5 m grating monochromator, 
with 0.25 nm bandwidth. Only graphical presentation 
of data. 

(t.=) Phutolysis involved HTO. It was shown that the de
composition path is almost entirely via the reactions 
HTO + hv~H + OTandHTO + hv~T + HO, 
with ~ 0.003 of molecules decomposing via the reac
tion HTO + hv ~ HT + O. 

Atnm 

175.5 
177.5 
180.0 
182.5 
185.0 
186.0 
187.5 
189.3 

Preferred Values 

263 
185 
78 
23 

5.5 
3.1 
1.6 
0.70 

Comments on Preferred Values 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

This data sheet is reproduced from our previous evalu
ation, CODATA, 1980.6 Water vapor has a continuous 
spectrum between 175 and 190 nm; the cross-section falls 
off rapidly towards longer wavelengths. The cross-section 
data from four studies l

-4 are in reasonable agreement. 
None of these studies report numerical data. The pre
ferred values of the absorption cross-section are taken 
from the review of Hudson,7 and were obtained by draw
ing a smooth curve through the data of Schurgers and 
Welge,4 Watanabe and Zelikoff1 and Thompson et al.2 

On the basis of the nature of the spectrum and the re
sults of Chou et al.s on the photolysis of HTO, it is as
sumed that over the wavelength region 175-190 nm 
reaction (2) is the only primary process and that 4>2 
1.0.8 

References 

IK. Watanabe and M. Zelikoff, J. Opt. Soc. Amer. 43, 753 (1953). 
2B. A. Thompson, P. Harteck, and R. R. Reeves, J. Geophys. Res. 68, 

6431 (1963). 
3A. H. Laufer and J. R. McNesby, Can. J. Chern. 43, 3487 (1965). 
4M. Schurgers and K. H. Welge, Z. Naturforsch. 23, 1508 (1968). 
sc. C. Chou, J. G. Lo, and F. S. Rowland, J. Chern. Phys. 60, 1208 

(1974). 
6CODATA, 1980 (see references in Introduction). 
7R. D. Hudson, Can J. Chern. 52, 1465 (1974). 
KR. S. Dixon, Radiat. Res. Rev. 2, 237 (1970). 

Primary photochemical processes 

Reactions 

H20 2 + hv~HO + HO (1) 
~ H20 + OeD) (2) 
~ H + H02 (3) 
~ HO + HOeI) (4) 

Wavelength r ange/nm 

190-254 
195-350 
190-350 
193-350 
210-345 

215 
333 
368 
606 

Absorption cross-section data 

Reference 

Holt, McLane and Oldenberg, 19481 

Lin, Rohatgi and DeMore, 19782 

Molina and Molina, 19813 

Nicovich and Wine, 19885 

Vaghjiani and Ravishankara, 19896 

557 
359 
324 
197 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 
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auantum yield data 

Measu rement 
Wavelength 
range/nm Reference Comments 

$ = 1.0 253.7 
248 
248 
248 

Volman, 19637 (f) 
(g) $1 = 1.04 ± 0.18 

$2 < 0.002 
Vaghjiani and Ravishankara, 199011 

$3 < 0.0002 

Comments 

(a) Measured at 298 K. Intensity measurements used 
photographic plate densitometry. H20 2 was mea
sured by titration with KMn04. 

(b) t10wing mixtures of H2U2 in He. Hz02 was measured 
by reaction with Fe2+. 10 cm path length for ~ < 275 
nm; White-optics (1 m path length) for ~ > 275 nm. 

(c) Measured at 298 K with a spectral resolution of 0.3-
0.5 nm. These results supersede the earlier results of 
Molina et a/.4 which were slightly higher. 

(d) Relative cross-sections measured over the tempera
ture range 300-380 K and at 285 K for the wave
length range 230-295 nm. Room temperature 
literature values at 202.6 and at 228.8 nm were used 
for absolute calibration. A significant temperature 
dependence was observed for the wavelength range 
310-350 nm, and a simple model was used to extrap
olate the results to lower temperatures. Upper tropo
spheric photodissociation rates were calculated. 

(e) Flowing mixture of H20 Z in He. HzOz was measured 
by reaction with Fez+ or with 1-. A diode array spec
trometer was used for relative measurements (1.0 nm 
resolution) and the results placed on an absolute ba
sis by absolute measurement of cross-sections at 
213.9 (Zn lamp) and 253.7 nm (Hg lamp). Tempera
ture was 297 K. 

(f) Based on a measured overall quantum yield for H20 Z 

removal of <p( - H20 2) = 1.7 ± 0.4 and the assumed 
mechanism, HZ02 + hv ~ 2HO, HO + HzOz ~ 
H20 + HOz, and 2HOz ~ H20 2 + O2• This interpre
tation has been criticized by Greiner.9 

(g) Photolysis of flowing mixtures of H20z-H20-Nz (or 
He) and of 03-HzO-N2 (or He) at 298 K. H20 2 and 
0 3 were determined by UV absorption at 213.9 nm or 
228.8 nm. Quantum yield of HO formation from 
H20 2-H20 mixture was measured relative to that 
from OrH20 mixture. These relative yields were 
placed on an absolute basis using the known quan
tum yield of OH radical production from the photol
ysis of 03-H20 mixtures at 248 nm, taken as <p(OH) 
= 1.73 ± 0.09.8

.10 0 and H yields determined by res
onance fluorescence. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Preferred Values 

A/nm 1020 u/cm2 $1 A/nm 1019 u/cm2 $1 

190 67.2 275 2.6 1.0 
195 56.3 280 2.0 1.0 
200 47.5 1.0 285 1.5 1.0 
205 40.8 1.0 290 1.2 1.0 
210 35.7 1.0 295 0.90 1.0 
215 30.7 1.0 300 0.68 1.0 
220 25.8 1.0 305 0.51 1.0 
225 21.7 1.0 310 0.39 1.0 
230 18.2 1.0 315 0.29 1.0 
235 15.0 LO 320 0.22 1.0 
240 12.4 1.0 325 0.16 1.0 
245 10.2 1.0 330 0.13 1.0 
250 8.3 1.0 335 0.10 1.0 
255 6.7 1.0 340 0.07 1.0 
260 5.3 1.0 345 0.05 1.0 
265 4.2 1.0 350 0.04 1.0 
270 3.3 1.0 

Comments on Preferred Values 
The measurements of the absorption cross-sections are 

in excellent agreement. The preferred values are the 
means of those determined by Lin et al.,2 Molina and 
Molina,3 Nicovich and WineS and Vaghjiani and Ravis
hankara.6 These agree with the earlier values of Holt 
et al.1 

The absorption cross-section has also been measured 
at other temperatures by Troell (220-290 nrn at 600 K 
and 1100 K) and by Nicovich and WineS (260-350 nm, 
200-400 K). Both Nicovich and WineS and Troe ll have ex
pressed their results in an analytical form. 

It has long been assumed that channel (1) is the only 
significant primary photochemical process at A > 200 
nm, but until recently the only experimental evidence for 
that came from the measurements of Volman.7 A careful 
study by Vaghjiani and Ravishankara8 has now confirmed 
that this is the case at 248 nm and they conclude that it 
is safe to assume this value of 4>1 = 1 for all wavelengths 
of interest in atmospheric modeling. However, it should 
be noted that H atom production with a quantum yield of 
0.12 at ~ = 193 nm has been observed by Gerlach-Meyer 
et al.12 Thus at some wavelength close to 200 nm pro
cesses alternative to channel (1) may begin to become sig
nificant. 
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References 
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','ill (1977). 
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6G. L. Yaghjiani and A. R. Ravishankara, J. Geophys. Res. 94, 3487 
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7D. H. Yolman, J. Chern. Phys. 17,947 (1949); Adv. Photochern. 1,43 
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8G. L. Yaghjiani and A. R. Ravishankara, J. Chern. Phys. 92,996 (1990). 
9N. R. Greiner, J. Chern. Phys. 45, 99 (1966). 
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4.3. Nitrogen Species 

\/1" -306.2 kJ'mol- 1 

A,,/cm3 molecule 1 S-1 

U"l'lews and Evaluations 
1.0 X 1O-31(T/300)-16 [N2] 

9.0 x 10-32(T/300) -15 [air] 

Comments 

o + NO + M > NOz + M 

Low-pressure rate coefficients 

Temp./K 

200-300 
200-300 

Rate coefficient data 

Reference 

CODATA, 19801; CODATA, 19842 

NASA,1990J 

Reliability 

(a) Average of the data from Schieferstein et al.4 and 
Whytock et al .5 

illog ko = ±O.l at 300 K. 
An = ±0.3. 

Comments on Preferred Values 

Comments 

(a) 
(11) 

(b) Based on the data of Ref. 4 and their reanalysis of 
the data of Ref. 5. 

Preferred Values 

Within the error limits, the preferred values from the 
most recent work 4 encompass most of the earlier mea
surements reviewed in Ref. 1. 

ko = 1.0 X 10-31(TI300)-1.6 [N2] cm3 molecule- 1 S-1 

over the temperature range 200-300 K. 

High-pressure rate coefficients 

Reviews and Evaluations 
3.1 X 1O- 11(T/300)03 
3.0 X 10- 11 

Temp./K 

300-1500 
200-300 

Rate coefficient data 

Reference 

CODATA, 19801 

NASA,19903 

Comments 

(a) 
(b) 
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Comments 

(a) Based on the relative rate measurements of Hippler 
et al.,6 slightly modified using the more recent value 
of k(O + N02 ~ O2 + NO) = 9.7 X 10-12 cm3 

molecule- 1 S-I. The temperature coefficient was cal
culated theoretically in Ref. 7. 

(b) Based on Ref. 1. 

Preferred Values 

krxo = 3.0 X 10- 11(T/300)03 cm3 molecule- 1 S-1 over the 
temperature range 200-1500 K. 

Reliability 
!llog krxo = ±0.3 at 298 K. 
!In ±0.3. 

MfD = -192 kJ'mol- 1 

Comments on Preferred Values 
A reconfirmation by an absolute rate measurement is 

required. A broadening factor Fe = 0.85 at 300 K was es
timated, which would correspond to an estimated tem
perature dependence of Fe = exp( - T /1850). 

References 

lCODATA, 1980 (see references in Introduction). 
2CODATA, Supplement II, 1984 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4M. Schieferstein, K. Kohse-Hoinghaus, and F. Stuhl, Ber. Bunsenges 

Phys. Chern. 87, 361 (1983). 
sD. A. Whytock, J. V. Michael, and W. A. Payne, Chern. Phys. Lett. 42, 
466 (1976). 

6H. Hippler, C. Schippert, and J. Troe, Int. J. Chern. Kinet. Syrnp. 1, 27 
(1975). 

7M. Quack and 1. Troe. Ber. Bunsenges Phys. Chern. 78, 240 (1974). 

Rate coefficient data 

Absolute Rate Coefficients 
(1.00 ± 0.10) X 10- 11 

6.58 X 10- 12 exp[(142 ± 23)/T] 
(1.03 ± 0.09) X 10- 11 

5.21 X 10- 12 exp[(202 ± 27)/T] 
(1.02 ± 0.02) X 10-11 

Reviews and Evaluations 
6.5 X 10- 12 exp(120/T) 
6.5 X 10- 12 exp(120/T) 

Comments 

Temp./K 

298 
224-354 
298 
233-357 
301 

200-300 
200-300 

(a) Discharge flow system at 2.3 Torr total pressure. De
cay of oxygen atoms in excess NO, monitored by 
chemiluminescent reaction with NO. 

(b) H2-laser photolysis system at 6.0 Torr total pressure. 
Oxygen atoms generated by NO photolysis and their 
decay in excess NU2 monitored by chemiluminescent 
reaction with NO. Values of rate coefficients for re
actions of oxygen atoms with N20 4 and N20s at 199 K 
were estimated. 

(c) See Comments on Preferred Values. 
(d) Based on data of Davis et al.,6 Bemand et al., 7 Slanger 

et al.,8 Ongstad and Birks2 and Geers-Muller and 
Stuhl.3 

Preferred Values 

k = 9.7 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 
k = 6.5 X 10- 12 exp(120/T) cm3 molecule- 1 S-1 over 

the range 230-350 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Ongstad and Birks, 19841 

Ongstad and Birks, 19862 

Geers-Muller and Stuhl, 19873 

IUPAC, 19894 

NASA,19905 

Reliability 
!llog k = ± 0.06 at 298 K. 
!l(E/R) = ± 120 K. 

Comments on Preferred Values 

Comments 

(a) 
(a) 

(b) 

(c) 
(d) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.4 The preferred value at 298 K is the 
average of the values reported by Ongstad and Birks, l 

Geers-Muller and Stuht,2 Davis et al.,6 Bemand et al.7 and 
Slanger et al. g The recommended temperature depen
dence results from a least-squares fit to the data of 
Ongstad and Birks,2 Geers-Muller and Stuhe and Davis 
et al.,6 and the pre-exponential factor has been adjusted 
to fit the preferred value of k (298 K). 

References 

lA. P. Ongstad and 1. W. Birks, J. Chern. Phys. 81, 3922 (1984). 
2A. P. Ongstad and 1. W. Birks, J. Chern. Phys. 85,3359 (1986). 
3R. Geers-Muller and F. Stuhl, Chern. Phys. Lett. 135,263 (1987). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
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NASA Evaluation No.9, 1990 (see references in Introduction). 
'I) D. Davis, J. T. Herron, and R. E. Huie, J. Chern. Phys. 58,530 
( 1(173). 

7p. P. Bemand, M. A. A. Clyne, and R. T. Watson, J. Chern. Soc. Fara
day Trans. 2, 70, 564 (1974). 

sT. G. Sianger, B. J. Wood, and G. Black, Int. J. Chern. Kinet. 5, 615 
(1974). 

o + N02 + M ~ N03 + M 
.\/1 0 = -218 kJ'rnol- J 

Low-pressure rate coefficients 

Rate coefficient data 

U/'\'leWS and Evaluations 
9,0 X 1O-32(TI300)-20 [N2] 
9,0 x 1O-32(T/300)-211 [air] 

Comments 

Temp./K 

200-400 
200-300 

(a) Based on the relative rate measurements by Harker 
and Johnston4 and Hippler et al.5 The temperature 
coefficient was calculated from a theoretical analy
sis.6 

(b) Based on Ref. 1. 

Preferred Values 

ko = 9.0 X 10-32(T/300)-20 [N2] cm3 molecule- I S-1 

over the temperature range 200-400 K. 

Reference 

CODATA. 1980J
; IUPAC. 19892 

NASA,19903 

Reliability 
~log ko = ± 0.1 at 300 K. 
~ = ±1. 

Comments on Preferred Values 

Comments 

(a) 
(b) 

Since the preferred values are from relative rate data, 
absolute rate measurements are required. Changes of the 
reference rate constant for k(O + N02 ~ O2 + NO) 
from the originally used value of 9.3 x 10- 12 cm3 

molecule- 1 S-1 to 9.7 X 10- 12 cm3 molecule- 1 S-1 at 
298 K (this evaluation) does not influence the preferred 
value. 

High-pressure rate' coefficients 

Rate coefficient data 

Reviews and Evaluations 
2.2 x 10-" 
2.2 X 1O-1l 

Comments 

Temp./K 

200-400 
200-300 

(a) Based on the relative rate measurements of Hippler 
et al.5 

(b) Based on reference 1. 

Preferred Values 

k"" = 2.2 X 10- 11 cm3 molecule- l 
S-1 over the temper

ature range 200-400 K. 

Reference 

CODATA, 19801
; IUPAC, 19892 

NASA,19903 

Reliability 
~log k"" = ±0.2 at 300 K. 
~ = ±0.5. 

Comments on Preferred Values 
See comments on ko• 

Intermediate Falloff Range 

Comments 

(a) 
(b) 

A broadening of the falloff curve, with Fe(300 K) = 0.8 
and an estimated temperature dependence of Fe = 
exp( - T/1300), has to be taken into account. The pre
ferred ko and k oc values depend on the Fe value chosen. 
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References 

lCODATA, 1980 (see references in Introduction). 
2IUPAC, Supplement III, 1989 (see references in Introduction). 

Mr = -280 kJ'mol- 1 

3NASA Evaluation No.9, 1990 (see references in Introduction). 
4A. B. Harker and H. S. Johnston, J. Phys. Chern. 77, 1153 (1973). 
5H. Hippler, e. Schippert, and J. Troe, Int. J. Chern. Kinet. Symp. 1, 27 

(1975). 

Rate coefficient data 

k /cm3 molecule -1 s - 1 

Absolute Rate Coefficients 
(1.7 ± 0.6) x 10- 11 

Reviews and Evaluations 
1.0 x 10- 11 

1.0 X 10- 11 

Comments 

Temp./K 

297 

298 
200-300 

(a) Discharge flow system with resonance fluorescence 
detection for OCP) atoms; N03 detected by absorp
tion at A = 662 nm using (J' = 1.9 X 10- 17 cm2 

molecule-I. N03 was in excess over Oep) but not 
sufficient to give purely first order kinetics. Analysis 
was conducted to take account of the consequences 
of complex kinetics, secondary reactions and possible 
contribution of H atom reactions. 

(b) Based on the results of Graham and Johnston.5 

( c) As in comment (b); temperature independence 
based on analogy with the 0 + N02 reaction. 

Preferred Values 

k = 1.7 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~log k = ± 0.3 at 298 K. 

I1HO = -189.7 kJ'mol- I 

Reference 

Canosa-Mas, Carpenter and Wayne, 19891 

CODATA, 19802; IUPAC, 19893 

NASA,19904 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

The preferred value is that reported by Canosa-Mas 
et ai .• 1 which is the only direct measnrement of thi" rate 
coefficient. The earlier relative rate value of Graham and 
Johnston5 is consistent with the preferred value taking 
into account the experimental uncertainties. The temper
ature dependence is probably near zero by analogy with 
the reaction of OCP) atoms with N02• 

References 

Ie. E. Canosa-Mas, P. J. Carpenter, and R. P. Wayne, J. Chern. Soc. 
Faraday Trans. 2, 85, 697 (1989). 

2CODATA, 1980 (see references in Introduction). 
3IUPAC, Supplement III, 1990 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5R. A. Graham and H. S. Johnston, J. Phys. Chern. 82, 254 (1978). 

Rate coefficient data 

Absolute Rate Coefficients 
(2.4 ± 0.1) x 10- 11 

(2.77 ± 0.40) x 10- 11 

(2.52 ± 0.25) x 10- 11 

Reviews and Evaluations 
3.2 X 10- 11 exp(107/T) 
1.8 X 10- 11 exp(107/T) 

Temp./K 

295 
298 
297 

200-350 
200-300 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Amimoto et al., 19791 (a) 
Brock and Watson, 19802 (b) 
Wine and Ravishankara, 198P (b) 

CODATA, 19804
; IUPAC, 19895 (c) 

NASA,19906 (d) 
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Comments 

I .1) Pulsed photolysis of 0 3 at 248 nm with a KrF excimer 
laser. The rate of appearance of the product Oep) 
was monitored by resonance absorption at 130 nm. 

I h) Laser flash photolysis of 0 3 at 266 nm with a fre
quency quadrupled Nd:Yag laser. The rate of ap
pearance of product Oep) was monitored by 
resonance fluorescence at 130 nm. 

I r) Based on averaging the room temperature results of 
Streit et al.,1 Heidner et al.8 and Cvetanovic's review 
of relative rate data.9 The temperature dependence 
was from Streit et al.7 

(1I) Based on the room temperature results of Refs. 1-3 
and 7. The temperature dependence was from Streit 
et al.7 

Preferred Values 

k = 2.6 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
k = 1.8 X 10-11 exp(107/T) cm3 molecule- 1 

S-1 over 
the temperature range 200-350 K. 

I?eliability 
~log k = ± 0.1 at 298 K. 
~(E/R) = ± 100 K. 

Comments on Preferred Values 
This data sheet is reproduced in part from our previous 

evaluation, CODATA, 1982.4 The preferred value at 
room temperature is the average of the results reported 
in Refs. 1-3 and 7, all of which are in close agreement. 
The weight of evidence from these studies lead us to re
ject the higher value reported by Heidner et al.8 The tem
perature dependence of Ref. 7 is accepted, and the 
pre-exponential factor has been adjusted to fit the pre
ferred room temperature value. 

References 

IS. F. Amimoto, A. P. Force, R. G. Gulotty, Jr., and J. R. Wiesenfield, 
J. Chern. Phys. 71, 3640 (1979). 

2J. C. Brock and R. T. Watson, results presented at NATO Advanced 
Study Institute on Atmospheric Ozone, Portugal, 1979; see G. K. 
Moortgat, in Report No. FAA-EE-80-2(1980). 

3p. H. Wine and A. R. Ravishankara, Chern. Phys. Lett. 77, 103 (1981). 
4CODATA, Supplement I, 1982 (see references in Introduction). 
5IUPAC, Supplement III, 1989 (see references in Introduction). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
7G. E. Streit, C. J. Howard, A. L. Schmeltekopf, J. A. Davidson, and H. 

I. Schiff, J. Chern. Phys. 65, 4701 (In6). 
8R. F. Heidner III, D. Husain, and J. R. Wiesenfield, J. Chern. Soc. 

Faraday Trans. 2, 69, 927 (1973). 
9R. J. Cvetanovic, Can. J. Chern. 52, 1452 (1974). 

OeD) + N20 ~ N2 + O2 (1) 

MfO(l) = -521.0 kJ'mol- 1 

MfO(2) = -340.4 kJ'mol- 1 

t:'!fO(3) = -189.7 kJ'mol- 1 

klcm3 molecule -I S-1 

Absolute Rate Coefficients 
(1.20 ± 0.1) X 10- 10 

(1.17 ± 0.12) X 10- 10 

Relative Rate Coefficients 
1.04 X 10- 10 

Branching Ratios 
k2lk = 0.62 ± 0.02 
k2lk = 0.62 ± 0.09 
kJlk = 0.12 ± 0.04 
kJlk = 0 

Reviews and Evaluations 
kl = 4.4 X 10- 11 

k2 = 7.2 X 10- 11 

kl = 5.1 X 10- 11 

k2 = 6.6 X 10- 11 

~ 2NO (2) 

~ Oep) + N20 (3) 

Rate coefficient data (k = k1 + k2 + k3) 

Temp./K Reference Comments 

295 Amimoto et al., 19791 (a) 
298 Wine and Ravishankara, 19812 (b) 

298 Lam et aI., 19813 (c) 

298 Marx, Bahe and Schurath, 19794 (d) 
177-296 Lam et aI., 19813 (c) 
295 Amimoto et al., 19791 (a) 
295 Amimoto et al., 1980S (e) 

200-350 CODATA, 19826; IUPAC, 19897 (f) 

200-300 NASA,19908 (g) 
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(a) Pulsed photolysis of 0 3 at 248 nm with a KrF excimer 
laser. The rate of appearance of the product Oep) 
was monitored by resonance absorption at 130 nm. 

(b) Laser flash photolysis of 0 3 at 266 nm with a fre
quency quadrupled Nd: Yag laser. The rate of ap
pearance of the product Oep) was monitored by 
resonance fluoroscence at 130 nm. 

(c) Steady state photolysis of N20-N2-He mixtures with 
a Hg lamp (185 and 254 nm), a Zn lamp (214 nm), 
and a D2 lamp (200-235 nm with a maximum output 
at 235 nm). The amount of NO produced was mea
sured with a chemiluminescent NO analyzer. The 
rate coefficient ratio k/k(OCD) + N2) = 4.0 ± 0.4 
was determined by measuring the ratio of the NO 
produced in the absence of N2 to that in the presence 
of N2. The rate coefficient k given here is based on 
this reported ratio and k(OCD) + N2) = 2.6 x 
10- 11 cm3 molecule- 1 S-1 (this evaluation). The quan
tity kz/k was determined by measuring the pressure 
rise in the cell and the amount of NO produced. No 
dependence of this quantity on the kinetic energy of 
the OeD) atom was observed. 

(d) Steady state photolysis of N20-He mixtures at 185 
nm and 206 nm. Most determinations of the branch
ing ratio were based on measurement of the ratio 
[N2]I[02] every three minutes by GC. Independent 
confirmation of the results was obtained by deter
mining the ratio [N2J1[02J using GC and an NO 
chemiluminscent analyzer. The branching ratio value 
given here has been determined by a procedure of 
back extrapolation to zero conversion. No depen
dence of this quantity on the kinetic energy of the 
OeD) atom was observed. 

(e) Re-examination of results reported by Amimoto 
et al.1 The use of improved high-speed detection 
electronics gave a value of 0.85 ± 0.2 for the quan
tum yield for OeD) production in the primary ph.o
tolysis of 0 3 at 248 nm. As a result of this new 
measurement, the observation of OCP) atoms in the 
presence of N20. CH4• and H20. previously at
tributed to quenching components in reactions of 
these species with OeD), is now attributed to its di
rect production in the primary photolysis of 0 3• 

(f) Based on averaging the room temperature results 
of Davidson et al.,9 Heidner and HusainlO and Cve
tanovic's review of relative ratio data. ll The zero tem
perature dependence is from Davidson et al.9 The 
branching ratio is based on the results of Davidson 
et al.12 and Volltrauer et al.13 

(g) Based on the absolute values reported in Refs. 1, 2 
and 9 and the branching ratio results reported in 
Refs. 4, 12 and 13. 

Preferred Values 

kl = 4.4 X 10- 11 cm3 molecule- 1 s-1, 
k2 = 7.2 X 10- 11 cm3 molecule- 1 s-1, 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

k3 < 1 X 10- 12 cm3 molecule- 1 S-I, 

all independent of temperature over the range 
200-350 K. 

Reliability 
Alog kl = Alog k2 = ±0.15 at 298 K. 
A(El/R) = A(Ez/R) = ± 100 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1982.6 The preferred value of k at room 
temperature is the average of the absolute values re
ported by Amimoto et al., 1 Wine and Ravishankara2 and 
Davidson et al.9 The weight of evidence from these stud
ies leads us to reject the higher value of Heidner and Hu
sain. tO The temperature independence reported by 
Davidson et a/.9 is accepted. 

In the calculation of the individual values of kl and k2' 
the value of kz/k = 0.62 is used. This value is from the 
study of Marx et al.4 and is confirmed by the work of Lam 
et al.3 The procedure of back extrapolation to zero con
version used in reference4 appears to provide a reason
able explanation for the difference between this value 
and the lower values reported in Refs. 12 and 13, (0.56 
and 0.52, respectively). It may be noted that the quantity 
actually used in the calculation of the individual value of 
kl and k2 is kz/k and that the values of this ratio reported 
in Refs. 3, 4, 12 and 13 show much less spread (0.52 to 
0.62) than do the corresponding values of the more sensi
tive ratio kdk2 from these same studies (0.61 to 0.92). The 
lack of any significant quenching component is based on 
the results reported in Refs. 5 and 12. 
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• " C;() kJ'mol- 1 

Rate coefficient data 

.'· .. ·111(1· Nate Coefficients 
I .") )( 10- 12 exp[( -922 ± 100)/T] 
I I ." .1 0.07) X 10- 13 

r: •• /,-W\ lind Evaluations 
I ., )( 10 -12 exp( - 925/T) 
\(.)( 1O-12 exp(-930/T) 

Comments 

Temp_IK 

273-433 
297 

230-450 
200-300 

1.1) 110 produced by conventional flash photolysis and 
pulsed laser photolysis of H 20 and H 20 2 with LIF de
tection of HO. Tota1 pressure varied over the range 
68-504 Torr. 

I") Based on the results of Stuhl,4 Smith and Zellner, 
Perry et al.,6 Silver and Kolb7 and Stephens.s 

(l') Based on the data cited in comment (b). 

Preferred Values 

k ;;:; 1.6 x 10-: 13 cm3 molecule- 1 S-1 at 298 K. 
k ;;:; 3.5 X 10-12 exp( - 925fT) cm3 molecuJe- 1 

S-1 over 
I he temperature range 230-450 K. 

Ut'liability 
Alog k = ± 0.1 at 298 K. 
A(E/R) = ± 200 K. 

Comments on Preferred Values 
The results of Diau et al.1 are in excellent agreement 

with the previously recommended Arrhenius expression, 

Mr = -168 kj'mol- I 

Reference 

Diau, Tso and Lee, 19901 

IUPAC, 19892 

NASA,19903 

Comments 

(a) 

(b) 
(c) 

which was based on the results of Stuhl,4 Smith and Zell
ner/ Perry el al.,6 Silver and Kolb7 and Stephens.s There 
is no change in the preferred value resulting from the in
clusion of the new data of Diau et al.1 The many high 
temperature studies have been considered by Jeffrjes and 
Smith9 to derive a modified Arrhenius expression over an 
extended temperature range of k = 1.58 X 10- 11 

Tl 8exp( - 250fT) cm3 molecule -1 s -1 for the temperature 
range of 225-2350 K. 

References 

IE. W.-G. Diau. T.-L. Tso, and Y.-P. Lee, J. Phys. Chern. 94, 5261 
(1990). 

:!IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4F. Stuhl, J. Chern. Phys. 59, 635 (1973). 
51. W. M. Smith and R. Zellner, Int. J. Chern. Kinet. Symp. No.1, 341 

(1975). 
tiR. A. Perry, R. Atkinson, and J. N. Pitts, Jr., J. Chern. Phys. 64,3237 

(1976). 
7J. A. Silver and C. E. KoJb, Chern. Phys. Lett. 75, 191 (1980). 
"R. D. Slt;Vt;US, J. Phys. Cht;m. 88, 3308 (1984). 
9J. B. Jeffries and G. P. Smith, J. Phys. Chern. 90, 487 (1986). 

Rate coefficient data 

k fcm3 molecule -1 S-1 Temp.1K Reference Comment" 

Absolute Rale Coefficients 
1.80 x 10- 11 exp[ - (390 ± 80)/T] 278-342 Jenkin and Cox, 19871 (a) 
4.50 x 10- 12 295 

Relative Rate Coefficient 
(6.3 ± 0.3) x 10- 12 296 Cox, Derwent and Holt, 19762 (b) 

Reviews and Evaluations 
1.8 x 10- 11 exp( -390fT) 280-340 IUPAC, 19893 (c) 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Modulated photolysis of 0 3 at 254 nm in presence of 
H20 and HONO in Ar at 11 Torr pressure. The time
resolved behavior of OH radicals intermittently gen
erated in presence of excess HONO was monitored 
by resonance absorption at 308 nm. 

(b) Photolysis of HONO in presence of added H2, CH4, 

CO2, CO, and NO at room temperature and 
atmospheric pressure. A rate coefficient ratio of 
k/k(HO + H2) = 945 ± 48 was measured. Value of 
k given here calculated using k(HO + H2) = 6.7 x 
10- 15 cm3 molecule- I S-I (this evaluation). 

( c) See Comments on Preferred Values. 

Preferred Values 

k = 4.9 X 10- 12 cm3 molecule- I s-l at 298 K. 
k = 1.8 X 10- 11 exp( -390/T) cm3 molecule- l S-1 over 

the temperature range 280-340 K. 

Reliability 
Lllog k = ± 0.3 at 298 K. 
Ll(E/R) = ± 400 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUP AC, 1989.3 The preferred value is based on the 
recent results of Jenkin and Cox.1 This is the only direct 
determination of this rate coefficient. The agreement be
tween these results at low pressure and the earlier, indi
rect results of Cox et al.2 at atmospheric pressure suggests 
that any pressure dependence of this rate is small. 

References 

1M. E. Jenkin and R. A. Cox, Chern. Phys. Lett. 137,548 (1987). 
2R. A. Cox, R. G. Derwent, and P. M. Holt, J. Chern. Soc. Faraday 
Trans. 1, 72, 2031 (1976). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 

HO + HON02 ~ H20 + N03 (1) 

~ [H2N04] ~ H20 + N03 (2) 

!lIfO = -82 kJ'mol- l 

Rate coefficient data (k = kl + k2 ) 

k/cm3 molecule- l S-1 

Absolute Rate Coefficients 
5.4 X 10- 15 exp(843/T) 
(9.3 ::t 1.0) X 10- 14 

(1.26 ::t 0.11) X 10- 13 

(2.16 ::t 0.15) X 10- 13 (10 Torr N2) 

(1.28 ::t 0.10) X 10- 13 (10 Torr N2) 

Reviews and Evaluations 
See comment 
See comment 

Comments 

Temp./K 

253-295 
295 
298 
248 
297 

220-300 
220-300 

(a) Discharge flow system with resonance fluorescence 
detection of HO. Arrhenius expression quoted ap
plies to results obtained below room temperature. 
The rate coefficient was measured up to 373 K and 
found to level off above room temperature. 

(b) Laser flash photolysis system with resonance absorp
tion detection of HO. HO radicals generated by pho
tolysis of HN03 at 222 nm. Value given is for 
pressures of 1-16 Torr HN03• Experiments also done 
in presence of 500 Torr N2 and 600 Torr SF6. After 
corrections for contribution of reaction OH + 
N02 + M were made, no significant effect of total 
pressure on the rate coefficient was observed. 

(c) Laser flash photolysis system with resonance absorp
tion detection of HO. HO radicals generated by pho
tolysis of HN03 at 193 nm. Measurements made at 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Devolder et al., 19841 

Jolly, Paraskevopoulos and Singleton, 19852 

Stachnik, Molina and Molina, 19863 

IUPAC, 19894 

NASA,19905 

Comments 

(a) 

(b) 
(c) 

(d) 
(e) 

10, 60, and 730 Torr of He, N2, and SF6. The HN03 

was determined to contain less than 0.1 % N02 impu
rity. Data were fit to fall-off function given in Lamb 
et al. l3 Extrapolated zero-pressure rate constants cor-
respond to E/R -710 K. 

(d) Sec Comments on Preferred Values. 
(e) Based on data of Wine et al.,6 Margitan and Watson,? 

Kurylo et al.,8 Jourdain et al.,9 Marinelli and John
ston,1O Smith et al., 11 Ravishankara et al. 12 and data in 
Refs. 1-3. Data was fit to fall-off expression given in 
Lamb et al. l3 

Preferred Values 

k = 1.5 X 10- 13 cm3 molecule- I S-1 at 298 K and 1 atm 
pressure. 

See comments for expression to be used under other 
conditions of temperature and pressure. 
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',',/IIII,dIlY 
.\lllg k = ±0.1 at 298 K. 

I "/t"",'llts on Preferred Values 
Illl~ data sheet is reproduced from our previous evalu

Ilhlll, I UPAC, 1989.3 There have been many studies of 
11,1', reaction recently which have significantly improved 
"III understanding of the kinetics and mechanism. From 
1111".l' ~tudies there is general consensus on the following 
111.1/1'11 features of the data: a strong negative temperature 
.kl'l'ndcnce below room temperature with a much 
\\I',1\...cr temperature dependence above room tempera
III r l' which appears to level off near 500 K, and (b) a small 
1'1/\ measurable pressure dependence at room tempera-
11/ It" which increases at low temperatures. The pressure 
dl'pelHknce frum 20-100 Turr amI 225-298 K was uetel
IIl1l1eu by Margitan and Watson,' and Stachnik et al.3 

III('a~ured rate coefficients over the range 10-730 Torr at 
'1)/ K and 248 K. These studies agree on a 50% increase 

III the rate constant at the highest pressure studied at 
r I II 1111 temperature and a doubling of the low pressure 
limit at 240 K. 

I.amb et al.13 have proposed a mechanism involving for
Illation of a bound, relatively long-lived, intermediate 
\ IlInplex. This mechanism gives a rate coefficient expres
"11I1l which combines a low pressure limiting rate constant 
(hi) and a Lindemann-Hinshelwood expression for the 
pI cssure dependence. This mechanism has been used in 
\ he NASA evaluation,S and the expression derived in the 
NASA panel's analysis5 has been adopted for the evalua
\ ion. The overall rate constant can be expressed as: 

k = kl (T) + k2 (M,T) 
where 

k2 (M,T) = k3 [M]J(1 + k3 [M]/k4)' 

The expressions for the elementary rate constants are: 

kl = 7.2 X 10- 15 exp(785/T) cm3 molecule- I 
S-I, 

k3 1.9 X 10-33 exp(725/T) cm6 molecule-2 s-I, and 
k4 = 4.1 X 10- 16 exp(1440/T) cm3 molecule- I S-I; 

all expressions are valid over the temperature range 220-
300 K. This expression has been evaluated for the condi
tions of 298 K and 1 atm pressure to yield the preferred 
value given here. The reader is referred to Ref. 5 for a 
more detailed discussion of this reaction. Bossard et al. 14 

and Singleton et al. IS have reported a pressure and tem
perature dependence, respectively, of the rate constant 
for the related reaction OD + DN03. 
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HO + H02N02 ~ H20 + O2 + N02 (1) 

llHO(l) 191 kJ'rno!-l 
llH"(2) = -54 kJ'mol- 1 

k/crn3 rnolecule- 1 S-1 

Relative Rate Coefficients 
(5.5 ± 1.4) x 10- 12 

Reviews and Evaluations 
1.3 x 10- 12 exp(380/T) 
1.3 x 10- 12 exp(380/T) 

--"? H202 T N03 (2) 

Rate coefficient data (k -- k1 + k2) 

Ternp./K Reference 

268-295 Barnes et al., 19861 

240-340 IUPAC, 19892 

240-340 NASA,19903 

Comments 

(a) 

(b) 
(c) 
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Comments 

(a) Relative rate study over the pressure range 1-300 
Torr (M = He, N2) in a 420 L static reaction vessel. 
H02N02 monitored by FfIR spectroscopy; reference 
hydrocarbons (propene, n -butane) monitored by gas 
chromatography. Rate coefficients k(OH + 
propene) as a function of temperature and pressure 
were taken from Klein et al.4 and Zellner and 
Lorenz.s The rate coefficient k(OH + butane) was 
taken as 2.5 x 10-12 cm3 molecule- 1 S-1 with an acti
vation energy of 4.6 kJ·mol- l

. Rate coefficient was 
reported to be independent of temperature and pres
sure over the ranges studied. 

(b) See Comments on Preferred Values. 
(c) Based on data of Trevor et al.,6 Smith et al.7 and 

Barnes et ale 1.11 

Preferred Values 

k = 5.0 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 
k == 1.5 X 10- 12 exp(360/T) cm3 molecule- 1 S-1 over 

the temperature range 240-340 K. 

Reliability 
dlog k = ± 0.2 at 298 K. 
d(E/R) = ~:)~. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.2 The preferred value is based on a 
least-squares fit to the data of Trevor et al.,6 Smith et al./ 
and Barnes et al. l Trevor et al.6 studied this reaction from 
246-324 K at low pressure (3-15 Torr) and recommended 
a temperature independent value, but also reported an 

Arrhenius expression with E/R = (193 ± 194) K. In con
trast, Smith et al.7 report data from 240-340 K at one at
mosphere pressure and report a negative temperature 
dependence with E/R = - (650 ± 30) K. It is possible 
that the difference may be due to the reaction being com
plex with different temperature dependences at low and 
at high pressure. The error limits on the recommended 
E/R value encompass the results of both studies. At 220 K 
the values deduced from these studies differ by a factor 
of three. The recent study of Barnes et al., 1 the first study 
over an extended pressure range, found the rate coeffi
cient to be independent of pressure from 5-300 Torr at 
278 K and also report the same value at 295 K (low pres
sure) and at 268 K (100 Torr He). They also report no 
change with synthetic air as buffer gas. A TST calculation 
by Lamb et al.9 suggests that the pressure dependence for 
this rate coefficient will be much less than that for the 
corresponding reaction of HO with HN03• 

References 

11. Barnes, V. Bastian, K. H. Becker, E. H. Fink, and F. Zabel, Chern. 
Phys. Lett. 123, 28 (1986). 
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Phys. Lett. 83, 459 (1981). 

9J. 1. Lamb, M. Mozurkewich, and S. W. Benson, J. Phys. Chern. 88, 
6441 (1984). 

HO + NO + M ~ HONO + M 

AIr = -209.0 kJ'rnol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

Reviews and Evaluations 
7.4 x 1O-31(TI300)-24 [Nz] 

7.0 x 1O-31(TI300)-2ti [air] 

Comments 

Temp./K 

200--440 
200-300 

(a) Average of a large series of consistent data published 
during the period 1972 - 1983. 

Preferred Values 

ko = 7.4 X 10-31(T/300)-24 [N2] cm3 molecule- I S-I 

over the temperature range 200-300 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

CODATA, 19801; CODATA, 19842 

NASA,19903 

Reliability 
dlog ko = ±0.1 at 300 K. 
dn = ±0.5. 

Comments on Preferred Values 

Comments 

(a) 
(a) 

The preferred values have not been changed since 
1984, because the data base appears fairly complete and 
consistency with theoretical analysis was obtained. The 
new high pressure measurements put the falloff contribu
tions on a sounder basis. 
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High-pressure rate coefficients 

Rate coefficient data 

I 'III' lllolccule- 1 S-1 

I'", ,It,/(· Hale Coefficients 
\ ' " 10- 11 

'" , " WI and Evaluations 
I II ,( 10- 11 

I " .. 10- 11 

Comments 

Temp./K 

295 

220-400 
200-300 

1,1) I.aser flash photolysis in M = He at pressures up to 
200 bar, with LIF detection of HO. The experiments 
approach the high pressure limit. 

( 1» Based on falloff extrapolations from pressures ~ 1 
bar. 

Preferred Values 

k,~ = 3.2 X 10- 11 cm3 molecule- 1 S-1 over the temper
,.Iure range 200-400 K. 

Ut'lwbility 
~log kaJ 

,100 K. 
± 0.3 over the temperature range 200-

Reference 

Forster et aI., 19914 

CODATA,19801 

NASA,19903 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(b) 

The new high pressure experiments allow for the con
struction of complete falloff curves with Fe = 0.8. They 
supersede earlier estimates which were based on limited 
parts of the falloff curve near to the low pressure limit. 

References 

iCODATA, 1980 (see references in Introduction). 
2CODATA, Supplement II, 1984 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4R. Forster, M. J. Frost, H. Hippler, and J. Troe, to be published (1991); 

R. Forster, Ph.D. Thesis, Gottingen, 1991. 

HO + N02 + M ~ HN03 + M 

;\.Ir = -207.6 kJ'mol- i 

Low-pressure rate coefficients 

Rate coefficient data 

Reviews and Evaluations 
2.6 X 1O-3°(Tl300)-29 [N2] 

2.6 x 10 3°(T/300) 3;) [air] 

Comments 

Temp./K 

200-400 
200-300 

(a) Average of the data from Anastasi and Smith4 and 
Burrows et al.,s which are in agreement with a series 
of other, older, experiments reviewed in Ref. 1. 

(b) Average of a series of studies conducted prior to 
1980. 

Preferred Values 

ko = 2.6 X 10-3°(T/300)-29 [N2] cm3 molecule- 1 S-1 

over the temperature range 200-300 K. 

Reference 

CODATA, 19801
; CODATA, 19842 

NASA,lWU' 

Reliability 
Alog ko = ±0.1 at 300 K. 
An = ±O.S. 

Comments of Preferred Values 

Comments 

(a) 
(b) 

The data base for this reaction is large. Because mea
surements have most often been made in the falloff re
gion, different ko and krr; values are obtained if different 
Fe values are used. Different from the standard value Fe 
= 0.6 of the NASA evaluation,3 this evaluation is based 
on a calculated value of Fe = 0.43 at 300 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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High-pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 
6.5 X 10- 11 

Reviews and Evaluations 
5.2 x 10- 11 

2.4 X 1O- 11 (T/300) -13 

Comments 

Temp./K 

298 

200-400 
200-300 

(a) Laser flash photolysis in M = He at pressures up to 
200 bar, with LIF detection of HO. The experiments 
approach the high pressure limit. 

(b) Reevaluation of medium pressure experiments by 
Robertshaw and Smith,' which indicated that kc¥; is 
higher than 3 x 10- 11 cm3 molecule-I S-I. 

(c) Essentially based on falloff extrapolations of mea
surements below 1 bar. The temperature dependence 
was from an RRKM model of Smith and Golden.s 

Preferred Values 

kc¥; = 6.0 X 10- 11 cm3 molecule- l S-1 over the temper
ature range 200-300 K. 

Reliability 
Alog koo = ±0.1 at 300 K. 
An = ±0.5. 

MJD = -56 kJ'mol- 1 

Reference 

Forster et al., 19916 

CODATA, 19801; CODATA, 19842 

NASA,19903 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

The new direct measurements at pressures up to 200 
bar6 allow for a more accurate extrapolation to the high 
pressure limit than did earlier attempts based on mea
surements below 1 bar. 

lntennediate Falloff Range 
The calculated2 value of Fe = 0.43 at 300 K is consis

tent with the experimental measurements from Ref. 6. 

References 

lCODATA, 1980 (see references in Introduction). 
2CODATA, Supplement II, 1984 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4C. Anastasi and I. W. M. Smith, J. Chern. Soc. Faraday Trans. 2, 72, 

1459 (1976). 
5J. P. Burrows, T. J. Wallington, and R. P. Wayne, J. Chern. Soc. Fara

day Trans. 2, 79, 111 (1983). 
6R. Forster, H. Hippler, A. Schlepegrell, and J. Troe, to be published 

(1991); R. Forster, Ph.D. Thesis, Gottingen, 1991. 
7J. S. Robertshaw and I. W. M. Smith, J. Phys. Chern. 86, 785 (1982). 
8G. P. Smith and D. M. Golden, Int. J. Chern. Kinet. 10, 489 (1978). 

Rate coefficient data 

k/cm3 rnolecule- 1 S-1 

Absolute Rate Coefficients 
(2.6 ± 0.6) x 10- 11 

(2.0 ± 0.6) X 10 - 11 

ReVlews and Evaluations 
2.3 X 10- 11 

2.3 X 10- 11 

Ternp./K 

298 
298 

298 
298 

Comments 

(a) Discharge flow system with EPR monitoring' of HO 
and H02 (after conversion to HO) in the presence of 
excess N03, which was measured by titration with 
NO or 2,3-dimethyl-2-butene. Complex kinetic be
havior to extract k values. 

(b) Discharge flow system with resonance fluorescence 
detection ofHO. N03 was monitored by longpath ab-

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Mellouki, Le Bras and Poulet, 19881 (a) 

' Boodaghians et al., 19882 (b) 

IUPAC, 19893 (c) 
NASA,19904 (d) 

sorption at 662 nm. H + N02 reaction used to gener
ate HO and F + HN03 to produce N03, which was 
in excess over HO. The measured rate coefficient was 
corrected for secondary reactions which accelerate 
the HO decay. 

(c) See Comments on Preferred Values. 
(d) Average of data from Ref. 1 and 2. 
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Preferred Values 

k = 2.3 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

I\t'/Illbility 
~Iog k = ± 0.2 at 298 K. 

( '( JIllments on Preferred Values 
This data sheet is reproduced from our previous evalu

. Ition, IUPAC, 1989.3 The two measurements of this rate 
I ()nstant using the discharge flow technique1

•
2 are in good 

. Igrcement, although in both systems corrections for sec
llilliary reactions were required. The preferred value is a 

simple average of the two reported values. In the absence 
of experimental data a temperature dependence cannot 
be recommended. In line with other radical + radical re
actions, a small negative temperature coefficient is ex
pected. 

References 

lA. Mellouki, G. Le Bras and G. Poulet, J. Phys. Chern. 92,2229 (1988). 
2R. B. Boodaghians, C. E. Canosa-Mas, P. J. Carpenter, and R. P . 
Wayne, J. Chern. Soc. Faraday Trans. 2, 84, 931 (1988). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction) . 

H02 + NO ~ HO + N02 

.\/1 0 = -32 kJ'mol- 1 

Rate coefficient data 

"/em3 molecule -1 S-l Temp./K 

'lhsolule Rate Coefficients 
(8.5 ± 1.3) x 10- 12 297 

Ucviews and Evaluations 
3.7 x 10- 12 exp(240/T) 230-500 
3.7 x 10- 12 exp(240/T) 200-300 

Comments 

(a) Discharge flow system with mid-infrared LMR moni
toring of H02 in the presence of excess NO. H02 rad
icals were produced from the F + H20 2 reaction and 
the OH product was scavenged by reaction with 
C2F3Cl. The rate coefficient k was independent of 
pressure in the range 0.8-13 Torr. 

(b) Based on the data of Hack et al.,4 Howard,s Leu,6 
Margitan and Anderson 7 and Kaufman and Rei
mann,8 using the temperature dependence of 
Howard.9 

( c) Based on measurements near room temperature of 
Howard and Evenson,1O Glaschick-Schimpf et al., 11 

Thrush and Wilkinson12 and the data of Refs. 4-6, 
with the temperature dependence of Howard.9 

Preferred Values 

k = 8.3 X 10-12 cm3 molecule- 1 S-1 at 298 K. 
k = 3.7 X 10- 12 exp(240/T) cm3 molecule- 1 S-1 over 

the temperature range 230-500 K. 

Reliability 
dlog k = ±0.1 at 298 K. 
d(E/R) = ± 100 K. 

Reference Comments 

Jemi-Alade and Thrush, 19901 (a) 

CODATA, 1982; IUPAC, 19892 (b) 
NASA,19903 (c) 

Comments on Preferred Values 
The new measurement of Jemi-Alade and Thrush1 is in 

excellent agreement with the previously recommended 
value at room temperature and extends the range over 
which the pressure independence of the rate is demon
strated. Therefore there is no change in the recommen
dation. The preferred value at 298 K is a mean of the five 
determinations of Hack et al.,4 Howard,s Leu,6 Howard 
and Evenson1o and Jemi-Alade and Thrush.! The data of 
Margitan and Anderson' and Kaufman and ReimannH 

were not included because they have not been published. 
The value reported by Glaschick-Schimpf et al. ll of 1.1 x 
10- 11 cm3 mo]cculc- 1 5- 1 is high, but in ageement within 
the stated uncertainty. The temperature dependence is 
that reported by Howard!) for the combined temperature 
range 232-1271 K, based on high temperature data9 and 
the low temperature data of Howard.s This temperature 
dependence measured over a very large temperature 
range is preferred to that reported by Leu6 (E/R = 
130 K) obtained over a much smaller temperature range. 

References 

lA. A. Jemi-Alade and B. A. Thrush, J. Chern. Soc. Faraday Trans. 86, 
3355 (1990). 

2CODATA, Supplement I, 1982; IUPAC, Supplement III, 1989 (see 
references in Introduction). 

3NASA Evaluation No.9, 1990 (see references in Introduction). 
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4W. Hack, A. W. Preuss, F. Temps, H. Gg. Wagner, and K. Hoyermann, 
Int. J. Chern. Kinet. 12, 851 (1980). 

Sc. J. Howard, J. Chern. Phys. 71, 2352 (1979). 
6M.-T. Leu, J. Chern. Phys. 70, 1662 (1979). 
7J. J. Margitan and J. G. Anderson, results presented at the 13th Infor

mal Conference on Photochemistry, Cleanvater Beach, FL, January 
1978. 

,~lr = -105 kJ'mo)-1 

"B. Reimann and F. Kaufman, results presented at the 13th Informal 
Conference on Photochemistry, CleaJWater Beach, FL, January 1978. 

9C. J. Howard, J. Am. Chern. Soc. 102,6937 (1980). 
1Oe. J. Howard and K. M. Evenson, Geophys. Res. Lett. 4, 437 (1977). 
111. Glaschick-Schimpf, A. Leiss, P. B. Monkhouse, U. Schurath, K. H. 
Becker, and E. H. Fink, Chern. Phys. Lett. 67, 318 (1979). 

12B. A. Thrush and J. P. T. Wilkinson, Chern. Phys. Leu. 81, 1 (1981). 

Low-pressure rate coefficients 

Rate coefficient data 

k(J/cm3 molecule - 1 s-1 Temp./K 

Absolute Rale Coefficients 
1.2 x 1O-31(TI300)-24 [Ar] 275-326 

Reviews and Evaluations 
1.8 X 1O-31(T/300)-32 [N2] 220-360 
1.8 x 1O-31(TI300)-32 [air] 200-300 

Comments 

(a) Discharge flow study in the range 0.8-13 Torr, with 
H02 radicals being monitored by LMR. 

(b) Based on the data by Kurylo and Ouelette,S which are 
consistent with a series of earlier studies. Evaluation 
using a fixed standard value of Fe = 0.6, independent 
of temperature. 

Preferred Values 

ko = 1.8 X 10-31(T/300)-32 [N2] cm3 molecule- 1 S-1 

over the temperature range 200-300 K. 

Reference 

lemi-Alade and Thrush, 19901 

CODATA, 19802; IUPAC, 19893 

NASA, 19904 

Reliability 
dlog ko = ±0.1 at 300 K. 
tln = ±l. 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(b) 

The new data are consistent with the series of earlier 
measurements reviewed in Refs. 1-3, which are now in 
excellent agreement. Refinement of Fe by calculations 
will lead to minor modifications of ko• 

High-pressure rate coefficients 

Rate coefficient data 

k ",fcm3 molecule -1 S-1 Temp./K 

Reviews and Evaluations 
4.7 x 10- 12 200-300 
4.7 x 10-12(TI300)-14 200-300 

Comments 

(a) From falloff extrapolation of the data from Ref. 5 at 
pressures below 1 bar. A temperature independent 
value of krx> was chosen in agreement with other reac
tion systems. 

(b) From falloff extrapolations of data from Ref. 5. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

CODATA. 19802; IUPAC, 19893 (a) 
NASA, 19904 (h) 

Preferred Values 

kao = 4.7 X 10- 12 cm3 molecule- I S-1 over the temper
ature range 200-300 K. 

Reliability 
~log krro ± 0.2 at 300 K. 
tln = ±1. 
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I f mlmcnts on Preferred Values 
Sec comment (a) for ka;. Improved falloff extrapola

IIIIII~ would require measurements above 1 bar and the 
11',(' of a calculated value of Fe different from a fixed value 
• t! F, = 0.6. 

\1/" = 105 kJ'mol- 1 

References 

IA. A. Jemi-AJade and B. A. Thrush, J, Chern. Soc. Faraday Trans. 86, 
3355 (1990). 

2CODATA, 1980 (see references in Introduction) . 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
sM. J. Kurylo and P. A Ouelette, J. Phys. Chern. 91, 3365 (1987). 

Low-pressure rate coefficients 

Rate coefficient data 

Temp./K 

1i"I'ICWS and Evaluations 
5 x 10-6 exp( ..... 10OOO/T) [N"J 260··300 

Comments 

(a) Based on the experiments of Graham et al.,2 con
ducted in the falloff range near to the low pressure 
limit. 

Preferred Values 

ko = 1.3 X 10-20 [N2] S-1 at 298 K. 
ko = 5 X 10-6 exp( -10000/T) [N2] S-1 over the tem

perature range 260-300 K. 

Reference 

CODATA, 19821 

Reliability 
~log ko = ± 0.3 at 298 K. 
~(E/R) = ± 500 K. 

Comments on Preferred Val(;les 

Comments 

(a) 

More studies of the dissociation reaction appear desir
able. By combining these preferred values with the corre
sponding recombination results, an equilibrium constant 
of Ke = 1.8 X 10-27 exp(10900/T) cm3 molecule- 1 is ob
tained, in close agreement with the evaluation of Ref. 3. 

High-pressure rate coefficients 

Rate coefficient data 

Reviews and Evaluations 
3.5 X 1014 exp( - 10420/T) 
0.23 

Comments 

Temp./K 

250-300 
298 

(a) Based on the falloff data of Graham et al.2 using, 
however, a broader falloff extrapolation. 

Preferred Values 

ka; = 0.34 S-1 at 298 K. 
ka; = 2.6 X 1015 exp( -10900/T) S-1 over the tempera

ture range 260-300 K. 

Reference 

rODATA,lQ&')l 

Reliability 
~log k", = ±0.5 at 298 K. 
~(E/R) = ±SOO K. 

Comments on Preferred Values 

Comments 

(a) 

Because the falloff curves for recombination have been 
determined more systematically, we have combined the 
corresponding high pressure limit for the recombination 
reaction with the equilibrium constant Ke (see comment 
to preferred values of ko) to obtain kx. Since Fe = 0.6 was 
used for the falloff extrapolation of the recombination, an 
even larger value of kx is expected if Fe = 0.4 is used,l 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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References 

lCODATA, Supplement I, 1982 (see references in Introduction). 
2R. A. Graham, A. M. Winer, and J. N. Pitts, Jr., J. Chern. Phys. 68, 
4505 (1978). 

3NASA Evaluation No.9, 1990 (see references in Introduction). 

H02 + N03 ~ O2 + HN03 (1) 

Mr(1) = -214 kJ'mol- 1 

M/O(2) = - 6.5 kJ'mol- 1 

~ HO + N02 + O2 (2) 

Rate coefficient data (k = k, + k2 ) 

Absolute Rate Coefficients 
kl = (9.2 ± 4.8) x 10- 13 

k2 = (3.6 ± 0.9) x 10- 12 

2.3 X 10- 12 exp[(170 ± 270)IT] 
4.06 x 10- 12 

Branching Ratios 
k2ik < 0.6 

Reviews and Evaluations 
4.3 X 10- 12 

4.1 X to- 12 

Comments 

Temp./K 

298 

263-338 
298 

298 

298 
298 

(a) Discharge flow system with EPR monitoring of HO 
and H02 (after conversion to HO) in the presence of 
excess N03, which was measured by titration with 
NO or 2,3-dimethyl-2-butene. Complex kinetic be
havior of HO and H02 modeled to extract k (H02 + 
N03) and k(HO + N03) for which a value of (2.6 ± 
0.6) x 10- 11 cm3 molecule- l S-1 was obtained (see 
HO + NO] data sheet). 

(b) Molecular modulation system with detection by UV 
(for H02) and visible (for N03) absorption spec
troscopy. Used photolysis of Ch in the presence of 
ClON02, H2 and 02 to produce the radicals. Rate co
efficients obtained by computer fitting of complex ki
netics. The upper limit of k2ik was obtained from 
measurement of HO by modulated resonance ab 
sorption. 

(c) See Comments on Preferred Values. 
(d) Based on 298 K rate coefficient of Mellouki et al. l 

and the 263-333 K rate coefficients of Hall et al.2 

Preferred Values 

k = 4.3 X 10- 12 cm3 molecule- 1 S-l at 298 K. 

Reliability 
~log k = ± 0.2 at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Mcllouki, Le Bras and Poulet, 19881 

Hall et 01., 19882 

Hall et 01., 19882 

IUPAC, 19893 

NASA,19904 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(b) 

(c) 
(d) 

This data sheet is reproduced from our previous evalu
ation, IUPAC 1989.3 The two recent direct studies1

,2 

provide the only kinetic information on this reaction. The 
values obtained for the overall rate coefficient are in 
good agreement, despite the need in both cases to ana
lyze complex kinetics to extract the k values. There is a 
discrepancy in the reported values for the branching ra
tio, although Hall et al.2 accept that their measurements 
are not definitive. The preferred value at 298 K is a mean 
from the two studies. I

,2 No recommendation is made for 
the branching ratio or the temperature dependence be
cause of the experimental uncertainties. For strato
spheric modeling, a temperature independent rate with 
the branching ratio given by Mellouki et al.1 is probably 
the best available choice. 

References 

IA. Mellouki, G. Le Bras and G. Poulet, J. Phys. Chern. 92,2229 (1988). 
21. W. Hall, R. P. Wayne, R. A. Cox, M. E. Jenkin, and G. D. Hayman, 
J. Phys. Chern. 92, 5049 (1988). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
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NH2 + O2 ~ products 

Rate coefficient data 

I . III I l1lolccule- 1 s-1 

C/'Iff/llle Rate Coefficients 
· I 5 x to- 36[N2] 
· I x to- 18 

· 7.7 X 10- 18 

I,', I IrWS and Evaluations 
· , x to-III 

· J x 10- 111 

Comments 

Temp.IK 

295 
298 
298 

298 
298 

( ;t) Laser flash photolysis of 0 3 at 248 nm in presence of 
NHJ • Decay of NHz monitored by laser resonance ab 
sorption spectroscopy at 598 nm. NH2 decayed by re
action with 0 3 and with NH2. Up to 15 Torr O2 added 
to system at total pressure of 230 Torr but no in
crease in decay rate was observed. Equivalent to a bi
molecular rate constant < 1 x 10-17 cm3 molecule- l 

S-1. 

(h) Flash photolysis of NH3-02-N2 Illixtule~ at tutal 
pressures less than 30 Torr. NH2 radical decay moni
tored by intracavity laser absorption spectroscopy at 
598 nm. Decay rate observed to be independent of 0:2 
partial pressures above 1 Torr. Observed decay at
tributed to reaction NH2 + H02. 

(c) Flash photolysis - laser induced fluorescence study. 
NH2 radicals produced by flash photolysis of NH3 
and observed in fluorescence at 578 nm after excita
tion by pumped dye laser. Total pressure of 25 Torr 
He. No increase in decay rate with increasing O 2 con
centration observed at low flash energy. Additional 
experiments done in presence of sufficient C2H4 to 
scavenge H atoms formed in NH3 photolysis. 

(d) See Comments on Preferred Values. 
( e) Based on 'the data of LescJaux and Demissy,6 Cheskis 

and Sarkisov,7 Patrick and Golden,! Lozovsky et a/.2 

and Michael et a/.3 

Preferred Values 

k < 3 X 10- 18 cm3 molecule- 1 SI at 298 K. 

Reference 

Patrick and Golden, 19841 

Lozovsky, loffe and Sarkisov, 19842 

Michael et al., 19853 

IUPAC, 19894 

NASA, 19905 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 

(d) 
(e) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.4 The preferred value is based on the 
upper limits reported by Lesclaux and Demissy,6 Cheskis 
and Sarkisov,7 Patrick and Golden,! Lozovsky et al.2 and 
Michael et al.J In most systems H02 radicals were pro
duced from the H atoms formed in the initial photolysis 
of NH3, and NH2 decay by reaction with H02 was ob
served. Patrick and Golden1 produced NH2 radicals in the 
absence of H atoms and observed no reaction with O2• 

Hal::k el ul.R prUUUl::eu NH2 radicals in the absence of H 
atoms by the reaction of F atoms with NH3 in a discharge 
flow reactor at low pressures and reported a third order 
reaction with O 2. However the weight of evidence from 
the other studies indicates that there is no observable re
action. It is possible that heterogeneous processes were 
important in their system. Hack and Kurzke9 have studied 
the reaction of NH2 with electronically excited 02e d g) 

and reported a rate coefficient of 1 x 10- 14 cm3 

molecule -1 s -1 for this reaction. 

References 

IR. Patrick and D. M. Golden, J. Phys. Chern. 88, 491 (1984). 
2V. A. Lozovsky, M. A. loffe, and O. M. Sdl}'buv. Chcw. Phys. Lcll. 

110, 651 (1984). 
3J. V. Michael, R. B. KJemm, W. D. Brobst, S. R. Bosco, and D. F. 

Nava, J. Phys. Chern. 89, 3385 (1985). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
sNASA Evaluation No.9, 1990 (see references in Introduction). 
6R. LescIaux and M. Dcrnissy, Nouv. J. Chim. 1, 443 (1977). 
7S. G. Cheskis and O. M. Sarkisov, Chern. Phys. Lett. 62, 72 (1979). 
IIW. Hack, O. Horic, and H. Gg. Wagner, J. PhYIi. Chern. 86, 765 (1982). 
"W. Hack and H. Kurzke, Ber. Bunsenges Phys. Chern. 89, 86 (1985). 
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NH2 + 0 3 ~ products 

Rate coefficient data 

Absolute Rate Coefficients 
1.57 X 10- 11 exp[ - (1151 ± 123)/T] 
(3.25 ± 0.27) x 10- 13 

(1.5 ± 0.3) x 10- 13 

Reviews and Evaluations 
4.9 X 10- 12 exp( -1000/T) 
4.3 x 10- 12 exp( - 930/T) 

Comments 

Temp./K 

272-348 
298 
298 

250-380 
250-360 

(a) Laser flash photolysis of 0 3 at 248 nm in presence of 
NH3. Decay of NH2 monitored by laser resonance ab
sorption spectroscopy at 598 nm. 

(b) Laser flash photolysis of 0 3 at 266 nm in presence of 
NH3. Decay of NH2 monitored by laser induced fluo
rescence at 598 nm. Also measured rate coefficient 
for reaction of vibration ally excited NH2 with 0 3 and 
found it to be a factor of ten higher. 

(c) See Comments on Preferred Values. 
(d) Based on data of Bulatov et al.,6 Hack et al.,7 Patrick 

and Golden 1 and Cheskis et al. 2 

Preferred Values 

k = 1.7 X 10- 13 cm3 molecule- 1 S-1 at 298 K. 
k = 4.9 X 10- 12 exp( -1000/T) cm3 molecule- 1 S-1 

over the temperature range 250-380 K. 

Reliability 
~log k = ± 0.5 at 298 K. 
~(E/R) = ± 500 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.3 The reported rate coefficients at 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Patrick and Golden, 19841 

Cheskis et al., 19852 

IUPAC, 19893 

NASA,19904 

Comments 

(a) 

(b) 

(c) 
(d) 

room temperature vary by a factor of five, ranging from 
6 x 10- 14 cm3 molecule- 1 S-l in reference 5 to 3 X 10- 13 

in Ref. 1. There is no convincing argument for rejecting 
any of these results and therefore, as before,3 the 298 K 
preferred value is taken as the average of the results re
ported by Kurasawa and Lesclaux,s Bulatov et al.,6 Hack 
et al.,1 Patrick and Golden l and Cheskis et al.2 The tem
perature dependence averages the values reported by 
KUlasawa and Lcsdaux," Hack et ul.' am} Patrick and 
Golden.1 Although the products of this reaction have not 
been determined, the most likely process is abstraction of 
an oxygen atom by NH2 to give NH20 + O2. While it has 
been suggested6

•
7 that NH2 may be regenerated by reac

tion of NH20 with 0 3, recent workl indicates that this re
action must be slow. 

References 

1R. Patrick and D. M. Golden, J. Phys. Chern. 88, 491 (1984). 
2S. G. Cheskis, A. A. Iogansen, O. M. Sarkisov, and A. A. Titov, Chern. 

Phys. Lett. 120, 45 (1985) 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5H. Kurasawa and R. LescIaux, Chern. Phys. Lett. 72, 437 (1980). 
6V. P. Bulatov, A. A. Buloyan, S. G. Cheskis, M. Z. Kozliner, O. M. 

Sarkisov, and A. I. Trostin, Chern. Phys. Lett. 74,288 (1980). 
7W. Hack, O. Horie, and H. Gg. Wagner, Ber. Bunsenges. Phys. Chern. 
85, 72 (1981) 
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NH2 + NO ~ N2 + H20 (1) 

\W( I) = -517 kJ'mol- 1 

\/1 (I) = -18 kJ'mol- 1 

~ N2H + HO (2) 

~ N2 + H + HO (3) 

Rate coefficient data (k =kl + k2 + k3) 

, \ 11\' molecule- 1 S-1 

"'III/lIle Rate Coefficients 
1.11 x 10-8 T-(J.l7 ± 025) 

(167 ± 0.25) x 10- 11 

.J () X 10- 11 (T/298)-22 

/I,llIIlhiflg Ratios 

(~2 + k3)/k = 0.1 ± 0.025 
(A1 + k3)/k = 0.12 ± 0.03 
(k2 + k3)/k 0.19 ± 0.05 
(k2 + k3)/k - 0.1 ± 0.02 
(k2 + k3)/k = 0.14 ± 0.03 
(k2 + k3)/k = 0.2 ± 0.04 

U"\'ICWS and E"'aluations 
1.6 X 10- 11 (T/298)-15 
3.8 X 10- 12 exp(450/T) 

Comments 

Temp./K 

294-1027 
298 
295-620 

300 
520 
1000 
295 
470 
620 

230-450 
200-300 

(a) Pulsed laser photolysis of NH3 at 193 nm and the 
time resolved HO formation monitored using LIF. 
NO in excess over NH2 with [NO]/[NH2] -103. Pres
sure = 10 Torr N2. 

(b) Flash photolysis of NH3 with NH2 being measured by 
intracavity laser absorption spectroscopy. Psuedo
first order decays of NH2 in the presence of excess 
NO measured. No tabulated rate coefficients given. 

(c) HO yield measured directly with the HO calibration 
being based on HO production in laser photolysis of 
H20 2• Temperature dependence of NH3 cross-sec
tion taken into account in determination of tempera
ture dependence of the branching ratio. 

(d) Branching ratio determined indirectly from the de
crease in the decay rate for NH2 at high NH3 concen
trations, assumed to be due to the reaction of 
product HO radicals with NH3. 

(e) Based on the data of Whyte and Phillips,S Dreier and 
Wolfrum,6 Silver and Kolb,1 Stief ct al.,8 Andresen 
et al.,9 Gordon et al.,10 Gehring et al.,l1 Hancock 
et al., 12 Sarkisov et al., 13 Lesclaux et al. 14 and Hack 
et al. 15 

Preferred Values 

k = 1.6 X 10- 11 cm3 molecule- I 
S-I at 298 K. 

k = 1.6 X 10- 11 (T/298)-15 cm3 molecule- I S-1 over 
the range 210-500 K. 

(k2 + k3)/k = 0.1 at 298 K. 

Reference 

Atakan et al., 19891 

Bulatov et al., 19892 

Atakan et al., 19891 

Bulatov ct al., 19892 

IUPAC, 19893 

NASA,19904 

Reliability 
~log k = ± 0.2 at 298 K. 
D.n = ±0.5. 
~(k2 + k3)/k = ± 0.03 at 298 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 

(d) 

(e) 
(e) 

The results of Atakan et al. 1 and of Bulatov et al.2 at 
298 K are in good agreement with the previous data from 
flash and laser photolysis studies but are significantly 
higher than rate coefficients obtained using the discharge 
flow technique. This apparent discrepancy has been 
noted before3

.4 and cannot be easily accounted for. The 
temperature dependence reported by Atakan et al.1 is 
slightly lower than the majority of the earlier results, 
which were mainly obtained at T < 500 K, while the re
sults of Bulatov et al.,2 which also covered a smaller tem
perature range, give a significantly higher temperature 
dependence. 

The preferred value at 298 K is the average of the two 
new determinations of Atakan et al. 1 and of Bulatov 
ct al.2 together with the values reported in references S
IS. The temperature dependence is based on the data be
low 500 K in the six temperature dependence studies of 
Silver and Kolb/ Stief et al.,8 Lesclaux et al.,14 Hack 
et al., 15 Atakan et al.1 and Bulatov et al.2 

The direct measurements of the branching ratio re
ported by Atakan et al.1 are the basis for the recommen
dation for (k2 + k3)/k. Other, less direct, rate coefficient 
ratio determinations are consistent with the value recom
mended, with the exception of the results of Andresen 
et al.8 who report that the production of HO dominates; 
this discrepancy has not been explained. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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&f. Dreier and J. Wolfrum, 20th Int. Symp. on Combustion, 1984; The 
Combustion Institute, Pittsburgh, PA, pp. 695-702 (1985). 

7J. A. Silver and C. E. Kolb, J. Phys. Chern. 91, 3713 (1987). 
KL. J. Stief, W. D. Brobst, D. F. Nava, R. P. Borkowski, and J. V. 

Michael, J. Chern. Soc. Faraday Trans. 2, 78, 1391 (1982). 

9P. Andresen, A. Jacobs, C. K1einermanns, and J. Wolfrum, 19th Int. 
Symp. on Combustion, 1982; The Combustion Institute, Pittsburgh, 
PA, pp. 11-22 (1982). 

1IIS. Gordon, W. Mulac, and P. Nangia, J. Phys. Chern. 75, 2087 (1971). 
11M. Gehring, K. Hoyermann, H. Schacke, and J. Wolfrum, 14th Int. 
Symp. on Combustion, 1972; The Combustion Institute, Pittsburgh, 
PA, pp. 99-105 (1973). 

I2G. Hancock, W. Lange, M. Lenzi, and K. H. Welge, Chern. Phys. Lett. 
33, 168 (1975). 

130. M. Sarkisov, S. G. Cheskis, and E. A. Sviridenkov, Bull. Acad. Sci. 
USSR, Chern. Ser. 27, No. 11,2336, Eng. Trans. (1978). 

I4R. Lesclaux, P. V. Khe, P. Dezauzier, and J. C. Soulignac, Chern. Phys. 
Lett. 35, 493 (1975). 

15W. Hack, H. Schacke, M. Schroter, and H. Gg. Wagner, 17th Int. 
Symp. on Combustion, 1978; The Combustion Institute, Pittsburgh, 
P A, pp. 505-513 (1979). 

NH, + NO? ~ N,O + H20 (1) 

~ N2 + H20 2 (2) 

AHO (1) = -378 kJ'mol- 1 

Alf" (2) = - 355 la'mol- 1 

Rate coefficient data (k = k1 + k2) 

k/cm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
(2.1 ± 0.4) x 10- 11 (T/298)-17 295-620 

Reviews and Evaluations 
1.9 X 10- 11 (T/298)-22 250-500 
2.1 X 10- 12 exp(650/T) 200-300 

Comments 

(a) Flash photolysis ofNH3 with NH2 radicals being mea
sured by intracavity laser absorption spectroscopy. 
Psuedo-first order decay of NH2 monitored in the 
presence of excess N02. Pressure range = 10-650 
Torr. 

(b) Based on the data of Whyte and Phillips,4 Kurasawa 
and Lesclaux,5 Xiang et a/.6 and Hack et a1.7 

Preferred Values 

k = 2.0 X 10- 11 cm3 molecule- I S-I at 298 K. 
k = 2.0 X 10- 11 (T/298)-20 cm3 molecule- I S-1 over 

the temperature range 250-500 K. 

Reliability 
~log k = ± 0.2 at 298 K. 
~ = ±0.7. 

Comments on Pre/erred Values 
The result of Bulatov et al. 1 at 298 K is in very good 

agreement with the previous results from flash and laser 
photolysis studies, but is significantly higher than the 
measurement of Hack et al.,7 obtained using the dis-

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Bulatov et al., 19891 (a) 

IUPAC, 19892 (b) 
NASA,19903 (b) 

charge flow technique. This apparent discrepancy has 
been noted before3.4 for this reaction and also for the re
action of NH2 with NO, and cannot be easily accounted 
for. The temperature dependence reported by Bulatov 
et aZ.1 lies midway between the earlier data of Hack et al.7 

and Kurasawa and Lesclaux,5 and is close to the previ
ously recommended value for n. The preferred value at 
298 K is the average of the values from Refs. 1, 4, 5, 6 and 
7. The temperature dependence is the average from Refs. 
1,5 and 7.lIack et al.,? using mass spectrometric analysis, 
determined that the predominant reaction channel is 
channel (1) to give N20 + H20, with at least 95% of the 
reaction proceeding by this channel. 

References 

IV. P. Bulatov, A. A. loffe, V. A. Lozovsky, and O. M. Sarkisov, Chern. 
Phys. Lett. 159, 171 (1989). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4A. R. Whyte and L. F. Phillips, Chern. Phys. Lett. 102,451 (1983). 
5H. Kurasawa and R. Lesclaux, Chern. Phys. LeU. 66, 602 (1979). 
&f.-X. Xiang, L. M. Torres, and W. A. Guillory, J. Chern. Phys. 83, 1623 

(1985). 
7W. Hack, H. Schacke, M. Schroter, and H. Gg. Wagner, 17th Int. 
Symp. on Combustion, 1978; The Combustion Institute, Pittsburgh, 
PA, pp. 505-513 (1979). 
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V, - 114 kJ'mol- 1 

Rate coefficient data 

.'·",/lIlr Rale Coefficients 
, 0' (I '- 0.1) X 10-38 

, .'" t 0.4) X 10-38 

I H )( 10-47 T27 exp(I600/T) 
0' I )( 1O-3H 

II, IlrK'.\ and Evaluations 
I \ x 10-39 exp(530/T) 

Comments 

Temp./K 

298 
298 
226-758 
298 

273-660 

( .1) Photolysis of NOz (1-100 part-per-million mixing ra
tio) in air using NO/03 chemiluminescence detectors. 

(h) Intracavity dye laser absorption spectroscopy system. 
Total pressure ranged from 3.9 to 7.4 Torr. [NO]1[02] 
> 1000. Production of N02 monitored at 610 nm. 

(c) Static one liter reactor. Total pressure measured with 
differential micromanometer. Partial pressure of 
N02 measured in absorption at 436 nm. Pressure of 
O2 and NO range up to 26 Torr. Non-Arrhenius be
havior obselVed with k first decreasing with increas
ing temperature, reaching a minimum value at 600 K 
and then increasing with increasing temperature. 

(d) See Comments on Preferred Values. 

Preferred Values 

k = 2.0 X 10-38 cm6 molecule- 2 
S-1 at 298 K. 

k = 3.3 X 10-39 exp(530/T) cm6 molecule-2 S-1 over 
the temperature range 273-600 K. 

Reliability 
Alog k = :to.1 at 298 K. 
A(E/R) = :t 400 K. 

Reference 

Stedman and Niki, 19731 

Brobst and Allen, 19892 

Olbregts, 19853 

IUPAC, 19894 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 

(d) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.3 This evaluation accepts the recom
mendation given in the evaluation by Baulch et al.s The 
room temperature value has been confirmed by the 
newer studies. 0lbregts2 obselVed non-Arrhenius behav
ior over the entire temperature range studied and ex
pressed k by the modified Arrhenius expression given 
here and also as the sum of two Arrhenius expressions. 
However, from 250 K to about 600 K the total rate coef
ficient of 0lbregts2 is in good agreement with the value 
calculated from the expression recommended here. 01-
bregts2 interpreted his results in terms of a multi-step 
mechanism involving N03 or the dimer (NO)2 as interme
diates. For atmospheric modeling papers, the expression 
recommended here is adequate. 

References 

ID. H. Stedman and H. Niki, J. Phys. Chern. 77, 2604 (1973). 
2W. B. Brobst and J. E. Allen, manuscript submitted for publication 

(1989). 
3J. Olbregts, Int. J. Chern. Kinet. 17, 835 (1985). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
~D. L. Bi:1ukh, D. D. Dryliui:1I~, i:1nu D. O. Horne, Evaluated Kinetic 
Data for High Temperature Reactions, Volume 2: Homogeneous gas 
phase reactions of the Hz-Nz-02 system. Butterworths, London 
(1973). 
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Air = -200 kJ'rnol- 1 

Rate coefficient data 

Absolute Rate Coefficients 
2.6 X 10- 12 exp[ - (1435 ± 64)/T] 
(2.0 ± 0.2) x 10- 14 

8.9 X 1O- 19T 22 exp( -765/T) 
(1.72 ± 0.04) x 10- 14 

Reviews and Evaluations 
1.8 X 10- 12 exp( -1370/T) 
2.0 x 10- 12 exp( -1400/T) 

Comments 

Temp./K 

195-369 
298 
204-353 
298 

195-304 
200--300 

(a) Three independent low-pressure fast flow studies un
der pseudo-first-order conditions. Extent of reaction 
was monitored by N02 chemiluminescence under 
conditions of excess NO or excess 0 3• In other exper
iments, the decay of NO in excess 0 3 was monitored 
by resonance fluorescence. The data from each study 
were in good agreement. The data showed significant 
cutvature on an Arrhenius plot, and the value of E/R 
varied from 1258 K (195-260 K) to 1656 K (260-
369 K). 

(b) Dual flow tube technique with N02 chemilumines
cence detection under pseudo-first-order conditions 
of the decay of NO in the presence of excess 0 3• Au
thors claim this technique gives accurate value of E/R 
over temperature intervals as small as 10 K. Nonlin
ear Arrhenius behavior was obsetved with value of 
E/R increasing from a value of 1200 K at the lowest 
temperature to 1470 K at the highest temperatures. 

(c) See Comments on Preferred Values. 
(d) Based on least-squares analysis of the data from 195-

304 K reported by Michael et al., I Borders and Birks,2 
LippmauIl et ul.,6 Ray and Watson7 and Birks er al.B 

Preferred Values 

k = 1.8 X 10- 14 cm3 molecule- I S-I at 298 K. 
k 1.8 X 10- 12 exp( -1370/T) cm3 molecule- 1 S-1 

over the temperature range 195-304 K. 

Reliability 
dlog k = ± 0.08 at 298 K. 
d(E/R) = ± 200 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.3 The preferred Arrhenius expres-

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Michael, Allen and Brobst, 19811 

Borders and Birks, 19822 

CODATA, 19843; IUPAC, 19894 

NASA, 19905 

Comments 

(a) 

(b) 

(c) 
(d) 

sion is based on least-squares analysis of the data at and 
below room temperature reported by Michael et al., I Bor
ders and Birks,2 Lippmann et al.,6 Ray and Watson' and 
Birks et al.;/S with data at closely spaced temperatures re
ported by Borders and Birks2 and Lippmann et al.6 being 
grouped to give equal weight to each of the five studies. 
The expression fits these data to within 20%. Only data 
between 195 and 304 K were used due to the nonlinear 
Arrhenius behavior obsetved by Michael et al., 1 Borders 
and Birks,2 Birks et ai.,8 Clyne et ai.9 and Clough and 
Thrush. HI Michael et al., 1 Birks et al.,8 Clyne et al.9 and 
Schurath et al. ll have reported individual Arrhenius 
parameters for each of two primary reaction channels 
(one to produce NOz in the ground electronic state and 
the other to produce electronically excited NOz). Earlier 
room-temperature results of Stedman and Nikj12 and Be
mand et al. 13 are in good agreement with the preferred 
value. 

References 

IJ. V. Michael, J. E. Allen, and W. D. Brobst, J. Phys. Chern. 85,4109 
(1981). 

2R. A. Borders and J. W. Birks, J. Phys. Chern. 86, 3295 (1982). 
3CODATA, Supplement II, 1984 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
f>H. H. Lippmann, B. Jesser, and U. Schurath, Int. J. Chern. IGnet. 12, 
547 (1980). 

7G. W. Ray and R. T. Watson, J. Phys. Chern. 85, 1673 (1981). 
IlJ. W. Birks, B. Shoemaker, T. J. Leck, and D. M. Hinton, J. Chern. 

Phys. 65, 5181 (1976). 
9M. A. A. Clyne, B. A. Thrush, and R. P. Wayne, Trans. Faraday Soc. 

60, 359 (1964). 
IIlp. N. Clough and B. A. Thrush, Trans. Faraday Soc. 63, 915 (1967). 
1Iu. Schurath, H. H. Lippmann, and B. Jesser, Ber. Bunsenges Phys. 
Chern. 85, 703 (1981). 

I2D. H. Stedman and H. Niki, J. Phys. Chern. 77,2604 (1973). 
I3p. P. Bernand, M. A. A. Clyne, and R. T. Watson, J. Chern. Soc. Fara
day Trans. 2, 70, 564 (1974). 
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\/1" -88 kJ'mol- 1 

Rate coefficient data 

A ,'(Ill' rnolecule- 1 S-1 

thill/ute Rate Coefficients 
I 55 x 10- 11 exp(195/T) 
(295 ± 0.16) x 10- 11 

I 59 X 10- 11 exp(122/T) 
U 41 ± 0.48) x 10- 11 

I ()I:) X 10- 11 exp(103/T) 
(234 ± 0.24) x 10- 11 

"'datIve Rate Coefficients 
(l + 1) X 10- 11 

Nn'/{'ws and Evaluations 
1 6 x 10- 11 exp(lSO/T) 
1.7 x to-II exp(1.50IT) 

Comments 

Temp./K 

209-299 
299-414 
224-328 
298 
223-400 
298 

2QR 

200-300 
200-300 

(a) Flow tube reactor. N03 radicals were produced by 
the reaction F + HN03 and by thermal decomposi
tion of N20s, and detected by LIF in the presence of 
excess NO. Non-linear Arrhenius behavior was ob
served over the temperature range 209-414 K, with a 
constant value of the rate coefficient above room 
temperMnre. 

(h) Flash photolysis system with N03 decay in excess NO 
monitored by optical absorption at 661.8 nm. N03 
was produced by photolysis of Ch-CION02 mixtures 
at wavelengths longer than 300 nm. The total pres
sure was varied from 50-700 Torr He, N2• 

(c) Discharge flow system with the N03 decay in excess 
NO being monitored by LIP. N03 was produced by 
the reaction F + HN03 and by the thermal reaction 
of N02 with 0 3. In other experiments, the decay of 
NO in excess N01 (from F + HNO,) was monitored 
by chemiluminescence. The room temperature value 
given is the mean of the results from the three exper
imental systems. 

(d) Derived from numerical simulation of study of the re
combination reaction N02 + N03 + M ~ N20 s + 
M at high pressures. 

(e) Based on the data of Hammer at al.1 and Sander and 
Kircher.2 

Reference 

Hammer, Dlugokencky, and Howard, 19861 

Sander and Kircher, 19862 

Tyndall et al., 199P 

Croce de Cobos, Hippler and Troe, 19844 

IUPAC, 19895 

NASA,19Q06 

Preferred Values 

Comments 

(a) 

(b) 

(c) 

(d) 

(e) 
(t) 

k = 2.6 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
k = 1.8 X 10- 11 exp(llO/T) cm3 molecule- I S-I over 

the temperature range 220-400 K. 
Reliability 

6.1og k = ±0.1 at 298 K. 
6.(E/R) = ± 100 K. 

Comments on Preferred Values 
The preferred 298 K rate coefficient is the average of 

the room temperature values reported by Hammer et al., I 
Sander and Kircher2 and Tyndall et al.,3 which are in ex
cellent agreement. The preferred temperature depen
dence is the average of the temperature dependences 
reported by Sandel am] Kil l:her' and by Tyndall et at.,' 
which are in excellent agreement. 

References 

IP. D. Hammer, E. J. Dlugokencky, and C. J. Howard, 1. Phys. Chern. 
90, 2491 (1986). 

2S. P. Sander and C. C. Kircher. Chern. Phys. Lett. 126, 149 (1986). 
3G. S. Tyndall, J. J. Orlando, C. A. Cantrell, R. E. Shetter, and 1. G. 

Calvert, 1. Phys. Chern. 95, 4381 (1991). 
4A. E. Croce de Cobos, H. Hippler, and J. Troe, J. Phys. Chern. 88, 5083 

(1984). 
5IUPAC, Supplement III, 1989 (see references in Introduction). 
liNASA Evaluation No.9, 1990 (see references in Introduction). 
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Rate coefficient data 

Absolute Rate Coefficients 
(3.45 :.t 0.12) x 10- 17 

2.97 x 1O- 13 exp[-(2620 ± 90)/T] 

Reviews and Evaluations 
1.2 X 10- 13 exp( - 2450/T) 
1.2 x 10- 13 exp( -2450/T) 

Comments 

Temp./K 

296 
277-325 

230-360 
230-360 

(a) Static system. Experiments done both with N02 and 
03 in excess. Time-resolved absorption spectroscopy 
used to monitor N20 S with a diode laser infrared 
source. N02 and 0 3 also monitored at 350 and 255 
nm, respectively, using conventional UV techniques. 
Total pressure was 10 Torr N2. N20s was shown to be 
the only stable nitrogen-containing product. The 
overall stoichiometry for reactant decay, defined as 
.:1N03/403, was determined to be 1.85 ± 0.09. A 
minor role for unsymmetrical N03 species was sug
gested to account for the stoichiometric factor having 
a value less than 2. 

(b) Continuous stirred tank reactor flow system. N02 
and 03 were present at sub-part-per-million concen
trations. Chemiluminescent analysis. Wall reactions 
were found to be very important. Relative humidity 
levels up to 80% did not affect the value of the rate 
constant. 

(c) See Comments on Preferred Values. 
(d) Based on data of Davis et al.,s Graham and Johnston6 

and Huie and Herron.7 

Preferred Values 

k = 3.2 X 10-17 cm3 molecule- 1 S-1 at 298 K. 
k = 1.2 X 10- 13 exp( -2450/T) cm3 molecule- 1 S-1 

over the temperature range 230-360 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Cox and Coker, 19831 

Verhees and Aderna, 19852 

IUPAC, 198~ 
NASA,19904 

Reliability 
dlog k = ± 0.06 at 298 K. 
/l(E/R) = ± 150 K. 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 
(d) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.3 The preferred value is unchanged 
from the previous IUPAC evaluation,3 which was based 
on the data in the three temperature-dependent studies 
of Davis et al.,s Graham and Johnston6 and Huie and 
Herron.7 The recent results of Cox and Coker! are in ex
cellent agreement with this recommendation. The recent 
results of Verhees and Adema2 show a similar tempera
ture dependence but a higher pre-exponential factor. It 
was shown that wall reactions play an important role in 
this study,2 These results have not been included in the 
derivation of the preferred value, but may be considered 
to be in reasonable agreement with the recommendation. 

References 

lR. A. Cox and G. B. Coker, J. Atrnos. Chern. 1,53 (1983). 
2P. W. C. Verhees and E. H. Aderna, J. Almos. Chern. 2, 387 (1985). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5D. D. Davis, J. Prusazcyk, M. Dwyer, and P. Kim, J. Phys. Chern., 78, 

1775 (1974). 
6R. A. Graham and H. S. Johnston, J. Chern. Phys. 60, 4628 (1974). 
7R. E. Huie and J. T. Herron, Chern. Phys. Lett. 27, 411 (1974). 
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:lifO = -92.6 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

f..()/cm3 molecule -1 S-1 Temp./K 

Absolute Rate Coefficients 
2.8 x 1O-3°(T/300)-35 [Nz] 236-358 

Heviews and Evaluations 
3.0 x 10-30 [Nz] 298 
2.7 x 1O-3°(T/300)~34 [Nz] 200-300 
2.2 X 1O-3°(T/300)-43 [air] 200-300 

Comments 

(a) Discharg~ fluw stuuy with LIF u~tectioll of N03. Ex
periments were conducted over the pressure range 
0.5-8 Torr and the data evaluated using 

Fe = {2.5 exp( - 1950/T) + 
0.9 exp( - T /430)} (Fe(298 K) = 0.45). 

(b) Analysis of high pressure recombination experiments 
and low pressure dissociation results6

,7 converted 
with equilibrium constants8 using Fe(298 K) = 0.34 
from Ref. 9. 

(c) Based on the recombination measurements of Croce 
de Cobos et al.,2 Kircher et al.,10 Smith et aI., II 
Burrows et al. 12 and Wallington et al., 13 all of which 
give a consistent set of falloff curves. 

Fe = [exp( - T/250) + exp( -1050/T)] 

from Ref. 9 was employed for falloff extrapolation. 
(d) See comment (c). In contrast, however, a value of 

Fe = 0.6 was used. 

Reference Comments 

Orlando et ai., 1991 1 (a) 

Croce de Cobos, Hipper and Troe, 1984z (b) 
CODATA, 19803; IUPAC, 19894 (c) 
NASA,19905 (d) 

Preferred Values 

ko = 2.7 X lO-'{)(TI300)-H [N2] cm~ lllolecule- I S-l 

over the temperature range 200-400 K. 

Reliability 
~log ko = ±0.1 at 300 K. 
b.n = ±0.5. 

Comments on Preferred Values 
The new measurements are in excellent agreement 

with the preferred values from the analyses of Refs. 2-4. 
The slightly different ko values of Ref. 5 arise from a 
falloff analysis with a larger fixed value of Fe = 0.6. The 
analysis with a theoretical Fe, such as from Ref. 9, is pre
ferred. 

Hlgh~pressure rate coefficients 

k",,/cm3 molecule -I S-I 

Absolute Rate Coefficients 
1.7 X 1O-12(T/300)-OZ 

Reviews and Evaluations 
2.0 x 1O-IZ(T/300)02 
1.5 X 1O-12(Tl300)-05 

Temp./K 

236-358 

200-500 
200-300 

Rate coefficient data 

Reference 

Orlando et al., 1991 1 

CODATA, 19803
; IUPAC, 19894 

NASA,19905 

Comments 

(a) 

(b) 
(c) 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a)- (c) See comments (a)- (c) for ko• 

Preferred Values 

koo = 2.0 X 10-12(T/300)02 cm3 molecule- I S-I over the 
temperature range 200-500 K. 

Reliability 
dlog koo = ± 0.2 at 300 K. 
an = ±0.6. 

Comments of Preferred Values 
The new experiments from Ref. 1 were performed at 

too Iowa total pressure to contribute to the falloff extrap~ 
olation to koo. The discrepancy between the IUPA<:4 and 
NASA5 evaluations is due to the different values of Fe 
used. 

Intennediate Falloff Range 
Before more detailed falloff calculations are made, the 

expression Fe = {exp( - T/250) + exp( -1050/T)} from 

AIr = 92.6 kJ'rnol- 1 

Refs. 9 and 12 is recommended, which gives Fe = 0.42 at 
220 K, 0.34 at 295 K, and 0.26 at 520 K. Expressions for 
increased width of the falloff curve should also be em
ployed (see Introduction). 

References 

IJ. J. Orlando, G. S. Tyndall, C. A. Cantrell, and J. G. Calvert, J. Chern. 
Soc. Faraday Trans. 87, 2272 (1991). 

2A. E. Croce de Cobos, H. Hippler, and J; Troe, J. Phys. Chern. 88, 5083 
(1984). 

3CODATA, 1980 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6p. Connell and H. S. Johnston, Geophys. Res. Lett. 6, 553 (1979). 
7 A. A. Viggiano, J. A. Davidson, F. C. Fehsenfeld, and E. E. Ferguson, 
J. Chern. Phys. 74, 6113 (1981). 

I!R A_ flr::lh::lm ::Inn H. S Johnston, J Phys rhern_ H2, 75i4 (lQ78) 

9M. W. Maiko and J. Troe, Int. J. Chern. Kinet. 14,399 (1982). 
we. e. Kircher, J. J. Margitan, and S. P. Sander, J. Phys. Chern. 88, 4370 
(1984). 

llr_ k Sm'ith, k R_ Ravishankar::l, and P_ H. Wine, J_ Phys_ rhem_ H9, 
1423 (1985). 

12J. P. Burrows, G. S. Tyndall, and G. K. Moortgat, J. Phys. Chern. 89, 
4848 (1985). 

l3T. J. Wallington. R. Atkinson. A. M. Winer. and J. N. Pitts. J. Phys. 
Chern. 90, 4640 (1986); Int. J. Chern. Kinet. 19, 243 (1987). 

Low-pressure rate coefficients 

Rate coefficient data 

kO/s- 1 Temp./K 

Absolute Rate Coefficients 
6.0 X 10- 6 exp( -9500/T) [Nz] 
8.6 x 10- 211 [N2] 298 

Reviews and Evaluations 
2.2 x 1O- 3(TI300)-44 x 220-300 

exp( - 11080/T) [N2] 

1.6 x 10- 19 [N2] 298 

Comments 

(a) N20s concentrations were monitored by FTIR in a 
temperature regulated long-path cell. An excess of 
NO was added to N20S-N2 mixtures in order to scav
enge N03 and minimize the reaction N02 + N03 + 
M ~ N20 S + M. Preliminary data. 

(b) Based on measurements by Connell and lohnston4 

and Viggiano et al} using the falloff extrapolation of 
MaIko and Troe.6 

Preferred Values 

ko = 1.6 X 10- 19 [N2] S-I at 298 K. 
ko = 2.2 X 10-3(T/300)-44 exp( -11080/T) [N2] S-1 

over the temperature range 220-300 K. 

oJ. • "''''qm. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Cantrell et al., 19901 

rODATA, 19802; rODATA, 1Q823 

Reliability 
~log ko = ± 0.2 at 300 K. 
an = ±O.5. 

Comments on Preferred Values 

Comments 

(a) 

(h) 

Since more detailed data from Ref. 1 are not available, 
the preferred values from reference 3 remain unchanged. 
The discrepancies between the direct dissociation rate 
measurements, the direct recombination rate measure
ments (this evaluation), and some of the recent direct 
measurements of the equilibrium constant (Refs. 7-12) 
have not been resolved to date. When this is the case, re
combination data will become convertible and improve 
the data base for the dissociation rates. 
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High-pressure rate coefficients 

Rate coefficient data 

/.. . /~-I 

1 " \a/ute Rate Coefficients 
5.4 x 1014 exp( -10980/T) 
5.3 x 10-2 

Ul'l'lews and Evaluations 
9.7 x 1014(T/300)O 1 x 

exp( - 11080/T) 
6.9 x 10-2 

Comments 

(a) See comment (a) for ko• 
(b) See comment (b) for ko. 

Preferred Values 

k", = 6.9 X 10-2 5- 1 at 298 K. 

Temp./K 

298 

200-300 

298 

krll = 9.7 x 1014(T/300)O 1 exp( -1l080/T) S-1 over the 
temperature range 200-300 K. 

Reliability 
~log k", = ±O.3 over the temperature range 200-

300K. 
t:wz = ±O.2. 

Comments on Preferred Values 
See Comments on Preferred Values for ko. 

Intermediate Falloff Range 
The falloff expressions for dissociation and recombina

tion are identical. Therefore, the same expression of 

Fe = {exp( - T/2S0) + exp( -10S0/T)} 

is used as for the recombination reaction N02 + N03 + 
M ~ N20 S + M (see this evaluation). 

Mf :;= -33 kJ'rnol- 1 

Reference Comments 

Cantrell et al., 19901 (a) 

CODATA, 19802; CODATA, 19823 (b) 

References 

IC. A. Cantrell, R. E. Shetter, J. C. Calvert, G. S. Tyndall, and J. J. 
Orlando, Presented at the 11th International Symposium on Gas Ki
netics, Assisi, Italy, September 1990. 

2CODATA, 1980 (see references in Introduction). 
3CODATA, Supplement I, 1982 (see references in Introduction). 
4P. Connell and H. S. Johnston, Geophys. Res. Lett. 6, 553 (1979). 
sA. A. Viggiano, J. A. Davidson, F. C. Fehsenfeld, and E. E. Ferguson, 

J. Chclll. Phys. 74, 6113 (1981). 
6M. W. Maiko and J. Troe, Int. J. Chern. Kinet. 14,399 (1982). 
7R. A. Graham and H. S. Johnston, J. Phys. Chern. 82,254 (1978). 
liE. e. Tuazon, E. Sanhueza, R. Atkinson, W. P. L. Carter, A. M. Winer, 

and J. N. Pitts, Jr., J. Phys. Chern. 88, 3095 (1984). 
9D. Perner, A. Schrneltekopf, R. H. Winkler, H. S. Johnston, J. G. 
Calvert, C. A. Cantrell, and W. R. Stockwell, J. Geophys. Res. 90, 3807 
(1985). 

HIe. A. Cantrell, J. A. Davidson, A. H. McDaniel, R. E. Shetter, and J. 
G. Calvert, J. Chern. Phys. 88, 4997 (1988). 

11J. P. Burrows, G. S. Tyndall, and G. K. Moortgat, Chern. Phys. Lett. 
119, 193 (1985). 

12H. S. Johnston, C. A. Cantrell, and J. G. Calvert, J. Geophys. Res. 91, 
5159 (1986). 

13NASA Evaluation No.9, 1990 (see references in Introduction). 

Rate coefficient data 

k/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 
< 1.3 x 10- 21 

< 1.5 X 10- 21 

< 1.1 X 10- 21 

<3 X 10- 22 

<2.8 X 10-21 

Reviews and Evaluations 
<2 x 10-21 

<2 X 10- 21 

Temp./K 

298 
298 
296 
298 
296 

298 
298 

Reference 

Tuazon et al., 19831 

Atkinson et al., 19862 

Hjorth et ai., 19873 

Sverdrup, Spicer and Ward, 19874 

Hatakeyama and Leu, 198~ 

IUPAC, 19896 

NASA,19907 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 

(f) 
(f) 
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Comments 

(a) N20 S decay rates in two large volume (3800 and 
5800 L) Teflon or Teflon-coated environmental 
chambers observed by FTIR absorption. 

(b) Same as (a) except that a 2500-L Teflon chamber re
placed the 3800-L Teflon chamber. Authors suggest 
that observed decay proceeded only by heteroge
neous processes. 

( c) N20 S decay rates in a 1500-L FEP-Teflon bag ob
served by FfIR absorption. 

(d) Large volume (17300-L) Teflon-lined chamber. Con
centration profiles for 0 3, total nitrogen oxides and 
N02 were measured and were calculated for N20s 
and HN03• Results modeled with kinetic mechanism 
of eleven gas phase reactions and five heterogeneous 
reactions. 

( e) N20 S decays monitored in a 320-L Pyrex chamber by 
FTIR absorption spectroscopy. 

(1) Bas~u Ull uata of Tuazon el ul.,1 Atkinson et al.2 and 
Hjorth et al.3 

Preferred Values 

k < 2 X 10-21 cm3 molecule- 1 S-1 at 298 K. 

Comments on Preferred Values 
This upper limit is based on data of Tuazon et al., 1 

Atkinson et al.,2 Hjorth et al.3 and Hatakeyama and Leu.s 

It is possible that the observed decays proceed only by 
heterogenous processes. While the lower value of Sver
drup et al.4 may in fact be closer to the value of the rate 
coefficient for the homogeneous gas phase reaction, be
cause it is less direct we prefer the more conservative rec
ommendation given here. 

References 

IE. C. Tuazon, R. Atkinson, C. N. Plum, A. M. Winer, and J. N. Pius, 
Jr., Oeophys. Res. Lett. 10, 953 (1983). 

zR. Atkinson, E. C. Tuazon, H. Mac Leod, S. M. Aschmann, and A. M. 
Winer, Oeophys. Res. Lett. 13, 117 (1986). 

3J. Hjonh, O. Onobrini, F. Cappt:llani, am] O. Rt::.tclli, J. Phys. Chcm. 
91, 1565 (1987). 

40. M. Sverdrup, C. W. Spicer, and G. F. Ward, Int. J. Chern. Kinet. 19, 
191 (1987). 

ss. Hatakt:yallli:l alld M.-T. Leu, J. Phys. Chcm. 9J, 5784 (1989). 
IiIUPAC, Supplement III, 1989 (see references in Introduction). 
'NASA Evaluation No.9, 1990 (see references in Introduction). 

HONO + h v ~ products 

Reaction 

HONO + hv - HO + NO (1) 
- H + NOz (2) 
- HNO + OCP) (3) 

Wavelength range/nm 

185-270 
310-393 
300-400 

Measurement 

$(OH*) 

Primary photochemical transitions 

LV/o/kJ'mol- l 

202 
326 
423 

Absorption cross-section data 

Reference 

Kenner, Rohrer and Stuhl, 19861 

Vasunev, 1<)Q02 

Bongartz el al., 199P 

Quantum yield data 

Wavelength/nm Reference 

193 Kenner, Rohrer and Stuhl, 19861 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

591 
367 
283 

Comments 

(a) 
(b) 
(c) 

Comments 

(d) 
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Comments 

1,1) Relative absorption spectrum measured in the range 
I HS-270 nm with absolute determinations at 193 and 
}IS nm; fT = 1.6 X 10- 18 cm2 molecule- I at 193 nm. 
Two different methods used to prepare HONO gave 
~imilar results. The fT values agreed with results of 
( 'ox and DeIWent4 in the wavelength region 220-270, 
but the peak at 215 nm seen in the earlier study,3 
which could have been due to NO absorption, was 
not observed. 

( 11) Relative absorption cross-sections determined by 
tunable laser photolysis with LIF detection of the 
110 product. Absolute values based on fT = 4.97 X 

10- 19 cm2 molecule- 1 at 354 nm reported by Stock
well and Calvert.s Measurements actually provide the 
product of the HONO cross-section and the quantum 
yield, <PI. 

«) Absolute absorption cross-sections determined by 
conventional absorption spectroscopy, using low, 
non-equilibrium concentrations of HONO deter
mined by a combination of gas phase and wet chem
ical analysis. Spectral resolution 0.1 nm; 
cross-sections averaged over 0.5 nm given in a table. 

(d) Laser photolysis of nitrous acid at 193 nm. HO· mea
sured by emission spectroscopy. A low quantum yield 
of about 10-s was determined. 

Preferred Values 

Absorption cross-sections at 298 K 

~/nrn 1020 u/crn2 Mnrn 1020 u/crn2 A/nm 1020 u/cm2 

190 127 260 8.0 330 10.9 
195 172 265 5.2 335 7.7 
200 197 270 3.4 340 19.7 
205 220 275 2.5 345 11.2 
210 214 2~U 35U 13.4 
215 179 285 355 27.6 
220 146 290 360 9.4 
225 120 295 365 18.8 
:lJU 86 300 0.0 370 :l4.U 
235 60 305 0.8 375 5.7 
240 42 310 1.9 380 10.8 
245 30 315 2.9 385 16.9 
250 18.5 320 5.2 390 2.8 
255 12.4 325 5.8 395 0.7 

Quantum Yields 
$1 = 1 throughout this wavelength range. 

Comments on Preferred Values 
The new measurements of Bongartz et al.3 were made 

under conditions less likely to lead to systematic error 
than those of Stockwell and Calvert,4 on which the previ
ous CODATA 6 evaluation was based. Thus, corrections 
for N20 3 and N20 4 were unnecessary,3 and estimated er
rors were a factor of at least 3 less. The absolute cross
sections of the prominent bands at wavelengths> 331 nm 
were 20% larger than the values of Stockwell and 
Calvert.s At < 330 nm spectral features of the two studies 
were inconsistent. 

The new relative data from Vasudev2 in the 310-393 
nm region have the advantage that the technique was in
sensitive to interference from absorption due to N02, 
which is unavoidably present in samples of HONO, and 
which requires correction in conventional ahsorption 
measurements. The relative cross sections are in good 
agreement with those of Bongartz et al.3 and Stockwell 
and CalvertS (on which the previous CODATA5 evalua
tion was based), except in the bands at shorter wave
lengths (339, 331 and 318 nm) where the relative 
measurements are more than 20% lower. 

The preferred values in the 300-395 nm range are ob
tained from the data of Bongartz et al.3 by averaging their 
0.5 nm average values over 5 nm intervals centered on the 
wavelengths specified in the table. 

In the second absorption band, which lies at wave
lengths < 275 nm, the new data from Kenner et al.1 quan
titatively confirm the earlier data from Cox and 
DelWent,4 except at wavelengths < 220 nm where inter
ference due to NO in the latter studies is suspected. 
Cross-sections over the range 185-275 nm can now be 
recommended; the values given are obtained from the 
graph given by Kenner et al., 1 which cover a wider range 
than those in Ref. 4. 

The two recent photofragment studies1
,2 confirm that 

reaction (1) is the main photodissociation channel. 

References 

lR. D. Kenner, F. Rohrer, and F. Stu hi, J. Phys. Chern. 90, 2635 (1986). 
2R. Vasudev, Gcophys. Res. Lett. 17, 2153 (1990). 
3A. Bongartz, J. Kames, F. Welter, and U. Schurath, J. Phys. Chern. 95, 

1076 (1991). 
4R. A. Cox and R. G. Derwent, J. Photochem. 6, 23 (1976). 
5W. R. Stockwell and J. G. Calvert, J. Photochem. 8, 193 (1978). 
6CODATA, Supplement I, 1982 (see references in Introduction). 
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HON02 + h v ~ products 

Primary photochemical processes 

Reactions 

HONOz + hv ~ HO + N02 

~ HONO + Oep) 
~ H + N03 

~ HONO + OeD) 

(1) 
(2) 
(3) 
(4) 

200 
. 298 

405 
488 

598 
401 
286 
245 

Absorption cross-section data 

Wavelength range/nm Reference 

220-340 Rattigan et al., 19921 

Comments 

(a) Absorption cross-sections measured using a dual
beam diode array spectrometer, with a resolution of 
0.3 nm, over the temperature range 239-294 K. The 

Comments 

(a) 

room temperature results are in good agreement with 
earlier data. Cross-sections were observed to decline 
with decreasing temperature, especially in the long 
wavelength tail. An expression for the temperature 
dependence was given. 

Preferred Values 

Absorption cross-sections at 298 K8 

Mnm lOzll u/cm2 103 B/K-I x'/nm 1020 u/cm2 103 B/K-I 

190 1560 0 260 1.86 3.5 
195 1150 0 265 1.71 3.5 
200 661 0 270 1.59 3.5 
205 293 0 275 1.35 3.5 
210 105 2.5 280 1.10 3.5 
215 35.6 2.5 285 0.85 4.0 
220 15.1 2.5 290 0.61 4.5 
225 8.62 3.0 295 0.41 5.2 
230 5.62 3.5 300 0.243 6.0 
235 3.67 3.5 305 0.155 7.5 
240 2.44 3.5 310 0.081 9.0 
245 2.06 3.5 315 0.037 13.0 
250 1.92 3.5 320 0.017 18.0 
255 1.90 3.5 325 0.006 > 18 

330 0.003 > 18 

dTempleral:ure deI=)en(jenlc:e given by the expression: logeO" logcO"(298) + B (T - 298) where T is temperature (K). 

Quantum Yields 
<PI = 1.0 for A > 220 nm. 

Comments on Preferred Values 
The preferred values at 298K are averaged values from 

the work of Rattigan et al., 1 Biaume,2 Molina and Molina3 

and Johnson and Graham.4 The temperature dependence 
is based on the data of Rattigan et al. l The room temper
ature data differ only slightly from those recommended in 
our previous evaluation (IUPAC, 19895), which were 
based on the data of Molina and Molina.3 

The preferred values of the quantum yield are based 
on the results of Johnston et al.,6 the direct observations 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

of Jolly et al. 7 at 222 nm, and the direct observations by 
Turnipseed et al. 8 of OH, OCP), OeD) and HeS) at 248, 
222, and 193 nm. The absence of the competing pro
cesses (2) and (3) at 266 nm is shown by the direct obser
vation of Margitan and Watson9

• The very recent study of 
Turnipseed et al. 8 reported a quantum yield near unity 
for OH radical production at 248 nm and 222 nm, but a 
significantly lower value (0.33 ± 0.06) at 193 nm. In this 
same studyB the quantum yield for O-atom production at 
193 nm was reported to be -0.8, indicating that HONO 
is a major photolysis product at 193 nm. 
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I WIIII.lms, J. Photochem., 66, 313 (1992). 
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Primary photochemical transitions 

IZl'.lc(ion 

II01NOz + hv ~ HOz + NOz (1) 
~ HO + N03 (2) 

tlIlII/kJ -mol- I 

105 
161 

1141 
743 

Absorption cross-section data 

W.lvcJength range/nm Reference Comments 

210-330 Singer el al., 19891 (a) 

Quantum yield data 

Measurement Wavelength/nm 

248 

Comments 

(a) Cross-sections measured at 298, 273 and 253 K. 
Pernitric acid produced in situ by photolysis of 
Ch-H2-N02-air mixtures with averaged absorption 
measurements at small extents of reaction. Relative 
spectrum over the range 210-230 nm determined in 
flowing mixture of pernitric acid vapor obtained from 
the reaction of BF4N02 and H20 2, after correction 
for impurity of N02, H 20 2 and HN03, which was de
termined by IR spectroscopy. Resolution = 1 nm. 

(b) Laser photolysis of pernitric acid at 248 nm. HO mea
sured by LIF and the yield determined relative to the 
yield from H20 Z, assuming the rotational distribution 
of HO from photolysis of H02NOz and H20 2 was the 
same under the conditions of the experiment. A 
value of <1>2 = 0.34 ± 0.16 was obtained after correc
tion for impurity in the pernitric acid sample. Fluo
rescence from NO~ was also observed after 
photolysis which was assigned to production via 
channel (1). The upper limit for NO; production was 
30%. It was concluded that under atmospheric condi
tions <1>1 = 0.65 and <1>2 = 0.35. 

Reference Comments 

Mac Leod, Smith and Golden, 19882 (b) 

Preferred Values 

Absorption cross-sections at 296 K 

A/om 

190 

195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 

Quantum Yields 
<PI = 0.61. 
<1>2 = 0.39. 

lO:wa/cmz A/nm lOz(Ja/cm2 

1010 260 28.4 
816 265 22.9 
563 270 18.0 
367 275 13.3 
239 280 9.3 
161 285 6.2 
118 290 3.9 
93.2 295 2.4 
78.8 300 1.4 
68.0 305 0.85 
57.9 310 0.53 
49.7 315 0.39 
41.1 320 0.24 
34.9 325 0.15 

330 0.09 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments on Preferred Values 
The preferred absorption cross section values are 

based on the data of Singer et al.1 and Molina and 
Molina,3 which are in excellent agreement at wavelengths 
between 210-300 nm. Between 300 and 320 nm the cross 
sections of Singer et al.1 are approximately a factor of 2 
lower. A simple mean of the two data sets is taken over 
the whole range. 

For the quantum yield we recommend values based on 
the measurements of Mac Leod et al,,2 with a small up
ward revision to take into account the present recommen-

dation for the absorption cross section for H20 2• The 
uncertainties on the quantum yields are large and it 
should be noted that they are based on data at a single 
wavelength. 

References 

1R. J. Singer, J. N. Crowley, J. P. Burrows, W. Schneider, and G. K. 
Moortgat, J. Photchem. Photobiol. A, 48, 17 (1989). 

2H. Mac Leod, G. P. Smith, and D. M. Golden, J. Geophys. Res. 93, 
3813 (1988). 

3L. T. Molina and M. J. Molina, J. Photochem. 15,97 (1981). 

N02 + hv ~ products 

Reactions 

N02 + h v ~ NO + Oep) 
~ NO + OeD) 

Wavelength range/nm 

264-649 

Comments 

(1) 
(2) 

300 
490 

Absorption cross-section data 

Reference 

Davidson et aI., 19881 

398 
244 

Comments 

(a) 

(a) Cross-sections measured over a wide range of tem
perature (233-397 K) and with low N02 concentra-

tions (3.4 -73) x 1013 molecule cm -3, so that 
absorption due to N20 4 was minimized. Low resolu
tion (1.5 nm) spectra were recorded using a diode ar
ray, and high resolution spectra (0.3 to 2.5 cm -1) by 
FfIR. 

Preferred Values 

Absorption cross-sections· 

A/nm 102Ila/cm2 A/nm 102°a/cm2 A/nm 10211 a/cmz 

205 43.06 230 27.39 255 1.95 
210 47.20 235 16.69 260 2.24 
215 49.54 240 9.31 265 2.73 
220 45.61 245 4.74 270 4.12 
225 37.88 250 2.48 275 4.92 

a Absorption cross-sections in the range 200-275 nm are independent of temperature. 
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Absorption cross-sections, 0', at 273 K and their temperature-dependence 

,1 11111 1020 O'/cm2 1022 a * Alnm 102() O'/cm2 1022 a· 

!h~ 2.73 0.000 345 40.65 -1.890 
'/() 4.11 0.048 350 43.13 -1.219 
.' l~ 4.90 0.061 355 47.17 -1.921 
'HO 5.92 0.068 360 48.33 -1.095 
.'H'i 7.39 -0.045 365 51.66 -1.322 
."Xl 9.00 -0.060 370 53.15 -1.102 
'lj~ 10.91 -0.139 375 55.08 -0.806 
100 13.07 -0.216 380 56.44 -0.867 
105 15.73 -0.361 385 57.57 -0.945 
110 18.61 -0.531 390 59.27 -0.923 
115 21.53 -0.686 395 58.45 -0.738 
I.!O 24.77 -0.786 400 60.21 -0.599 
125 :l8.07 -1.105 405 57.81 -0.545 
no 31.33 -1.355 410 59.99 -1.129 
\ 15 34.25 1.277 415 56.51 0.001 
\.40 37.98 -1.612 420 58.12 -1.208 

• rhe quantity a is the temperature coefficient of <1, as defined in the equation <1(T) ;:;:: [<1(273) + a(T - 273)], where T is in kelvins; a has units 
"I cm2 molecule-I K- 1• 

Quantum yields 

Alnm q, A/nm 

<310 1.00 370 
315 0.99 375 
320 0.99 380 
325 0.99 385 
330 0.99 390 
335 0.99 
340 0.99 392 
345 0.99 394 
350 0.99 396 
355 0.99 398 
360 0.98 400 
365 0.98 402 

Comments on Preferred Values 
The new absorption cross-sections of Davidson et al. 1 

are in very good ageement with the earlier data of Bass 
et al.2 and Schneider et al .. 3 at room temperature. The 
agreement is within ± 5% for the three studies over the 
range 305-345 nm; for < 285 nm and > 340 nm the differ
ences are more significant but lie within the quoted un
certainty limits. The agreement with previous 
measurements at low temperature is poor. The most sig
nificant deviations occur in the 320-360 nm region and 
below 295 nm, which correspond to regions of absorption 
by N204, and errors from this source are least likely at the 
low N02 concentrations employed by Davidson et al .. 1 

The simultaneous spectral acquisition afforded by the 
diode array technique used by Davidson et al.1 should in 
principle give more accurate data, and these provide the 
basis of the preferred temperature dependent values over 
the range 270-410 nm, which are averaged over 5 nm 

q, Alnm q, 

0.98 404 0.42 
0.98 406 0.29 
0.97 408 0.18 
0.97 410 0.13 
0.96 412 0.09 

414 0.07 
0.96 416 0.05 
0.95 418 0.03 
0.92 420 0.02 
0.82 422 0.01 
0.82 424 0.00 
0.69 

wavelength intervals. The preferred values for the wave
length range 205-265 nm, also averaged over 5 nm wave
length intervals. are taken from Schneider et al} Table 4 
of their paper; there is no significant temperature depen
dence in this region. 

The preferred quantum yields are those recommended 
by Gardner et a/.4 (see previous IUPAC evaluation8

). 

They are based on a best fit to the data of Gardner et al.4 

from 334-404 nm, Jones and Bayes5 for 297-412 nm, Dav
enport6 for 400-420 nm and Harker et al.7 (corrected for 
cross-sections) for 397-420 nm. The results of Gardner 
et al.4 support the results of Jones and Bayes5 showing 
that the primary quantum yield is nearly unity throughout 
the entire wavelength region from 290-390 nm, and that 
the low values reported by Harker et al.7 for the 375-396 
nm region must be in error. Possible reasons for these low 
values are discussed in Ref. 4. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 



1208 ATKINSON ET AL. 
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N03 + hv ~ products 

Primary photochemical processes 

Reactions t::J-/°/kJ'mol- 1 

N03 + hv ~ NO + 02eI) 
~ N02 + Oep) 

(1) 
(2) 

26 
218 

4600 
550 

Absorption cross-section data 

Wavelength range/nm 

652-672 
400-700 
600-700 
662 

Reff'rf'nce 

Ravishankara and Mauldin, 19861 

Sander, 19862 

Cantrell et al., 19873 

Canosa-Mas et al., 19874 

Comments 

(a) N03 generated from the F + HN03 reaction in a dis
charge flow apparatus. Measurements were made at 
220, 240 and 298 K. For the 662 nm band at 298 K, 
an integrated absorption of 1.94 x 10- 15 cm and a 
peak cross-section value of 1.90 x 10- 17 cm2 

molecule -1 were reported. The absorption cross-sec
tion at 662 nm was found to increase with decreasing 
temperature while the shape of the band did not 
change. 

(b) Two methods were used to produce N03• In one, 
N03 radicals were generated from the flash photoly
sis of ClrCIONOz mixtures, with N03 fOlmation alld 
CION02 loss being monitored by UV absorption. 
Measurements were made at 230, 250 and 298 K. The 
value of <T(NO~) at 662 nm determined by this 
method (2.28 x 10- 17 cm2 molecule-I) was preferred 
by the author. The cross-section was observed to in
crease by a factor of 1.18 at 230 K. N03 was also pro
duced in a discharge flow system by the F + HN03 

reaction. The value of <T(N03) at 662 nm determined 
by this method was 1.83 x 10- 17 cm2 molecule-I. 
Values of <T were tabulated for 1 nm intervals from 
400-700 nm for 298 and 230 K. 

(c) N03 radicals generated from the NOx + 0 3 reaction. 
Fourier transform spectroscopy in the visible and UV 
regions over the temperature range from 215-348 K 
was used for the 662 nm band; an integrated absorp-

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Comments 

(a) 
(b) 
(c) 
(d) 

tion of 2.05 x 10- 15 cm and a peak cross-section of 
2.09 x 10- 17 cm2 molecule-I were reported. No de
pendence on temperature was observed. 

(d) N03 radicals were generated from the F + HN03 re
action in a discharge flow apparatus. The N03 radical 
concentration was determined by titration with NO, 
and a stoichiometric factor determined. The absorp
tion cross-section of N03 at 662 nm was determined 
to be 2.23 x 10- 17 cm2 molecule-I. 

Preferred Values 

Absorption cross-sections at 298 K and 220 K 

A/nm 1019 rJ/cm2 

298 K 220 K 

400 0.0 0.4 
401 0.0 0.5 
402 0.0 0.5 
403 0.2 0.5 
404 0.0 0.3 
405 0.3 0.7 
406 0.2 0.6 
407 0.1 0.5 
408 0.3 0.5 
409 0.0 0.7 
410 0.1 0.5 
411 0.2 0.7 
412 0.5 0.4 
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.ll.tlllOrption cross-sections at 298 K and 220 K - Continued Absorption cross-sections at ·298 K and 220 K - Continued 

A/nm 1019 a/cm2 A/nm 1019 u/cm2 

298 K 220 K 298 K 220K 

413 0.5 0.7 477 7.7 7.7 
414 0.2 1.1 478 7.3 6.9 
415 0.6 0.7 479 7.3 6.9 
416 0.6 0.7 480 7.0 7.0 
417 0.7 1.0 481 7.1 6.9 
418 0.5 1.0 482 7.1 6.8 
419 0.8 1.0 483 7.2 6.7 
420 0.8 1.3 484 7.7 6.9 
421 0.8 1.2 485 8.2 7.7 
422 0.9 1.2 486 9.1 8.9 
423 1.1 1.2 487 9.2 8.8 
424 0.9 1.3 488 9.5 8.6 
425 0.7 1.6 489 9.6 9.9 
426 1.4 1.5 490 10.3 10.5 
427 1.4 1.2 491 9.9 9.6 
428 1.2 1.5 492 9.9 9.9 
429 1.1 1.3 493 10.1 10.2 
430 1.7 1.6 494 10.1 9.5 
431 1.3 1.7 495 10.6 10.4 
432 1.5 1.7 496 12.1 12.1 
433 1.8 1.9 497 12.2 13.1 
434 1.8 2.1 498 12.0 12.4 
435 1.6 2.2 499 11.7 11.8 
436 1.5 2.2 500 11.3 11.5 
437 1.8 1.9 501 11.1 10.7 
438 2.1 2.1 502 11.1 10.4 
439 2.0 2.6 503 11.1 11.1 
440 1.9 2.2 504 12.6 12.5 
441 1.8 2.3 505 12.8 13.1 
442 2.1 2.2 506 13.4 14.1 
443 1.8 2.2 507 12.8 • 13.1 
444 1.9 2.2 508 12.7 12.2 
445 2.0 2.7 509 13.5 13.2 
446 2.4 2.7 510 15.1 15.5 
447 2.9 3.1 511 17.3 18.7 
448 2.4 3.4 512 17.7 19.8 
449 2.8 3.1 513 16.0 18.0 
450 2.9 3.1 514 15.8 16.2 
451 3.0 3.5 515 15.8 15.9 
452 3.3 3.7 516 15.6 16.4 
453 3.1 3.5 517 14.9 14.4 
454 3.6 3.7 518 14.4 14.0 
455 3.6 3.8 519 15.4 14.9 
456 3.6 3.4 520 16.8 16.2 
457 4.0 3.9 521 18.3 17.7 
458 3.7 4.4 522 19.3 19.3 
459 4.2 4.2 523 17.7 17.9 
460 4.0 4.3 524 16.4 15.7 
461 3.9 4.0 525 15.8 15.0 
462 4.0 3.7 526 16.3 15.7 
463 4.1 4.5 527 18.1 18.1 
464 4.8 4.8 528 21.0 22.3 
465 5.1 5.1 529 23.9 25.6 
466 5.4 5.3 530 22.3 23.1 
467 5.7 5.6 531 20.9 21.3 
468 5.6 5.5 532 20.2 20.6 
469 5.8 5.6 533 19.5 19.8 
470 5.9 5.3 534 20.4 21.3 
471 6.2 5.8 535 23.0 24.9 
472 6.4 6.1 536 25.7 28.7 
473 6.2 6.1 537 25.8 28.6 
474 6.2 6.0 538 23.4 24.4 
475 6.8 6.9 539 20.4 21.0 
476 7.8 7.8 540 21.0 21.2 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Absorption cross-sections at 298 K and 220 K - Continued Absorption cross-sections at 298 K and 220 K - Continued 

A/nm t019 u/cm2 N/nm 1019 u/cm2 

298 K 220K 298 K 220 K 

541 2U.4 2U.4 6U5 43.6 49.H 
542 18.8 18.5 606 33.2 37.1 
543 16.8 16.4 607 24.0 24.8 
544 17.0 16.2 608 18.5 17.9 
545 19.6 20.0 609 17.1 16.6 
546 24.2 24.8 6tO 17.7 17.3 
547 29.1 30.9 611 19.1 19.4 
548 29.8 31.3 612 22.3 23.6 
549 27.1 27.8 613 26.3 30.0 
550 24.8 26.0 614 25.5 28.6 
551 24.3 25.9 615 22.6 24.2 
552 24.7 26.7 616 20.9 21.1 
553 2.5.3 27.5 617 21.1 20.6 
554 27.8 31.0 618 23.9 22.9 
555 31.1 35.6 619 25.6 25.4 
556 32.6 36.7 620 32.7 33.5 
SS7 32.9 36.8 621 SZA 58.9 
558 35.1 39.5 622 101.8 113.6 
559 37.2 42.4 623 147.3 163.5 
560 33.2 36.1 624 120.5 129.9 
561 29.8 31.7 625 83.8 94.3 
562 29.0 30.6 626 73.0 82.6 
563 28.0 30.1 627 75.3 90.0 
564 27.2 28.8 628 73.7 88.3 
S65 27.3 29.0 629 69.8 84.6 
566 28.5 30.9 630 67.6 84.0 
567 28.1 29.4 631 48.4 57.1 
568 28.5 30.0 632 32.7 37.3 
569 28.9 30.5 633 21.7 23.5 
570 27.9 29.1 634 16.4 16.2 
571 27.6 28.9 635 14.4 13.1 
572 27.4 28.6 636 16.9 15.2 
573 27.8 28.9 637 20.7 18.8 
574 28.6 29.9 638 20.3 17.7 
575 30.8 33.7 639 15.8 13.3 
576 32.7 36.2 640 12.3 10.6 
577 33.8 37.0 641 10.0 8.9 
578 33.1 36.1 642 9.2 7.9 
579 32.4 35.9 643 9.7 7.6 
580 33.4 37.4 644 9.5 7.9 
,,81 ~5 5 41.1 645 8.6 7.5 
582 32.8 37.0 646 7.5 6.5 
583 29.3 32.4 647 7.0 6.4 
584 28.2 30.7 648 6.2 5.9 
585 28.9 31.8 649 5.4 5.0 
586 33.2 37.2 650 5.0 4.7 
587 41.6 48.5 651 5.5 5.2 
588 50.4 59.8 652 6.1 6.2 
589 61.3 72.4 653 7.1 7.4 
590 59.6 67.3 654 8.2 8.6 
591 54.4 60.5 655 9.8 to.3 
592 51.1 56.4 656 13.3 13.5 
593 45.8 49.8 657 17.1 17.3 
594 41.9 47.0 658 24.2 24.3 
595 42.9 49.5 659 40.7 40.0 
596 46.2 54.4 660 74.5 74.0 
597 43.6 50.6 661 144.8 156.9 
598 36.7 40.9 662 210.0 250.0 
599 31.0 34.2 663 174.4 215.2 
600 27.6 27.8 664 112.9 136.3 
601 28.6 28.5 665 74.1 87.0 
602 33.2 33.4 666 49.6 58.9 
603 38.0 40.3 667 30.4 35.0 
604 43.7 48.1 668 19.0 21.8 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Absorption cross-sections at 298 K and 220 K - Continued 

).fnrn 1019 u/crn2 

298 K 220 K 

669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 
684 
685 
686 
687 
688 
689 
690 
691 

Quantum Yields 
No recommendation. 

12.5 
9.5 
7.9 
7.6 
6.4 
5.2 
4.8 
4.9 
5.9 
7.5 
7.8 
6.9 
5.3 
4.0 
3.0 
2.6 
1.8 
1.6 
1.2 
1.2 
1.2 
1.0 
0.7 

Comments on Preferred Values 

13.6 
10.5 
8.8 
9.1 
7.6 
5.9 
5.2 
4.9 
5.8 
6.7 
6.8 
6.0 
5.0 
4.1 
3.0 
2.6 
2.2 
1.4 
2.2 
1.9 
1.8 
2.0 
1.6 

No new data have been reported on either the cross
... ections or the quantum yields for N03 photolysis since 
our previous evaluation, IUPAC, 1989.5 However, a re
evaluation appears in the most recent NASA evaluation,6 
and a detailed critical evaluation has been reported by 
Wayne et al.7 The preferred values are based on the peak 
value of the cross-section at 662 nm of 2.10 x 10- 17 cm2 

molecule-I, adopted from the evaluation of Wayne 
et al.,' which was obtained by averaging the data from the 
four most recent studies cited above. l

-4 The slightly lower 
peak value recommended by NASA,6 of rr = 2.00 x 10- 17 

cm2 molecule-I, averages in additional earlier data which 
has larger experimental errors and a higher probability of 
systematic errors due to secondary chemistry. The values 
of u in the wavelength range 400-691 nm are calculated 
from the data of Sander,2 normalized to the preferred 
peak value. The shape of the 662 nm absorption band re
ported by Sander2 is in good agreement with the higher 
resolution study of Marinelli et al.s The shape and posi
tion of the other features in the spectrum match those 
reported in other studies.9-11 

Conflicting results have been reported for the effect of 
temperature on the cross-section. Ravishankara and 
Mauldin 1 and Sander observed a significant increase in 
the value of rr(N03) at 662 nm at lower temperatures, 
while Cantrell et al.3 reported no temperature depen
dence over the range 215-348 K. This discrepancy has not 
been resolved. We adopt the average cross-section at 
220 K and 662 nm suggested by Wayne et al. 2 of 2.50 x 
10- 17 cm2 molecule-I, obtained by averaging the data 
from all three of these experimental studies. If this value 
is combined with the preferred value at 298 K, the follow
ing expression is obtained, 

u(T) = 3.63 x 10- 17 
- (5.13 X 10-20 T) cm2 

molecule -1 at 662 nm 

with T in K. The absorption cross-section obtained by 
Sander at 230 K over the wavelength range 400-700 nm 
were llUlJllalizeu tu the value of 2.50 x 10- 17 cm::! 
molecule- I at 662 nm to provide the preferred values 
given in the table for 230 K, following the recommenda
tion of Wayne et al.7 

No recommendation for absolute quantum yields is 
given. As disussed in an earlier CODATA evaluation12 

and in the review of Wayne et al.,7 the primary quantum 
yield determined by Magnotta and Johnston13 was the 
product of the absorption cross-section and the quantum 
yield. However, even with the upward revision of the 
cross-section, these data13 give quantum yields greater 
than unity for < 610 nm, indicating some systematic er
ror. The current recommendation is to use the 
photodissociation rates suggested by Magnotta and John
ston13 for an overhead sun at the earth's surface and the 
wavelength range 470-700 nm: J1(NO + O2) = 0.022 ± 
0.007 S-1 and J2(N02 + 0) = 0.18 ± 0.06 S-I. 
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N20 + h v ~ products 

Primary photochemical processes 

Reactions 

N20 + h v ~ N2 + Oep) 
~ N2 + OeD) 
~N + NO 
~ N2 + QeS) 

(1) 
(2) 
(3) 
(4) 

MIO lkJ'mo\-l 

161 
351 
475 
565 

742 
341 
252 
212 

Absorption cross-section data 

Wavelength range/nm Reference 

160-250 Hubrich and Stu hI, 

Comments 

(a) Measured at 298 K and 208 K. In very good agree
ment with results of Selwyn et al.2 

Preferred Values 

Absorption cross-sections 

Atnm 1UZO O'/cmZ Atnm 

175 12.6 210 
180 14.6 215 
185 14.3 220 
190 11.1 225 
195 7.S7 230 
200 4.09 235 
20':; V:I" 24U 

In O'(A,T) AJ + A2A + A3A2 + A 4A3 + A5A4 
+ (T - 300) eXp(Bl + B2A + BlA2 + B4A3) 

where 

At = 68.21023 
A2 = - 4.071805 

BJ 123.4014 
B2 = -2.116255 

0.755 
0.276 
0.092 
0.030 
0.009 
0.003 
O.UUl 

A3 = 4.301146 X 10-2 

A4 = -1.777846 X 10-4 

A5 = 2.520672 X 10- 7 

B3 = 1.111572 X 10-2 

B4 = -1.881058 X 10-5 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Comments 

(a) 

Quantum Yield,'\ 
<P2 = 1.0 for A = 185-230 nm. 

Comments on Preferred Values 
The preferred absorption cross-section values and the 

expression for In o{A,T) are from Selwyn et al.2 These 
cross-section values have been confirmed both at room 
temperature and at 208 K by the recent results of Bu
brich and Stuh1.1 

The preferred value of the quantum yield (<p2 equal to 
unity) is based on the results reported in Paraskevopou
los and Cvetanovic/ Preston and Barr4 and Greiner.s 

These recommendations are unchanged from those 
given in the previous evaluation, CODATA, 19806 where 
a detailed discussion can be found. 
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Primary photochemical processes 

Reactions 

"i.()~ + hv ~ N03 + N02 

~ N03 + NO + oCP) 
-,.. N03 -t- Noi -,.. N03 -t 

N02 + hv 

(1) 
(2) 

(3) 

aF/°/kJ'mol- 1 

93 
399 

1290 
300 

Absorption cross-section data 

W,lvclength range/lUn 

200-380 

Referem.:e 

Yao, Wilson and 
Johnston, 19821 

Comments 

(a) 

Quantum yield data 

Wavelength 
Measurement nm 

.,,(N03) 249-350 

.,,(N03), 4>[OCP)] 290 

.j.(N03), 4>[OCP)] 248-289 

'\" 266-305 

Comments 

(a) Measured uver the temperature range 223-300 K. 
For the wavelength range 200-280 nm, no tempera
ture dependence was observed, and values were tab
ulated at 5 nm intervals. For 285-380 nm a 
pronounced temperature dependence was observed 
and the results were presented by an equation ex
pressing cr as a function of A and T. 

(b) Laser flash photolysis, mostly at 249 nm with a few 
experiments at 350 nm. The N03 quantum yield was 
measured to be 0.89 ± 0.15. At low reactant concen
tration, the quantum yield approached a value of 
1.0 ± 0.1. 

(c) Pulsed laser photolysis. Quantum yield for produc
tion of OCP) atoms was determined to be < 0.1 in 
experiments with resonance fluorescence detection 
of oxygen atoms. Optoacoustic techniques with 
added NO were used to determine <t>(N03) to be 
0.8 :t 0.2. 

(d) Pulsed laser photolysis. Quantum yield for N03 pro
duction at 248 nm was determined to be unity in ex
periments with detection of N03 by absorption at 662 
nm. Quantum yield for OCP) production was deter
mined by resonance fluorescence and observed to de-

Reference Comments 

Swanson, Kan and Johnston, 19842 (b) 
Darker et ul., 1985' (c) 
Ravishankara et ai., 19864 (d) 
Oh et al., 19865 (e) 

crease from 0.27 ± 0.17 at 248 nm to 0.15 ± 0.05 at 
289 nm. 

(e) Pulsed laser photolysis. The photolysis induced fluo
rescence, PIF, of N02 was compared with the laser 
induced fluorescence, LIF, of N02 excited by a 
pulsed visible laser. Analysis of results indicated that 
electronicalJy excited N02 in the 2Bl state was pro
duced in the UV photolysis of N20 s. 

Preferred Values 

Absorption cross-sections at 290 K 

A/nm 1O:!U ulcm2 A/nm 102
(J a/cm2 

200 920 245 52 
205 820 250 40 
210 560 255 32 
215 370 260 26 
220 220 265 20 
225 144 270 16 
230 99 275 13 
235 77 280 12 
240 62 

For the wavelength interval 285-380 nm: 1020 a(cm2) = exp[2.735 + 
(4728 - 17.13 A) IT] for temperatures, T, in the range 225-300 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Atnrn 

248 
266 
287 
289 

Quantum yields 

4>1 + 4>2 + 4>3 = 1.0 for A = 248-350 nm 

0.72 ± 0.17 
0.38 ± 0.10 
0.21 ± 0.05 
0.15 ± 0.05 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.6 The preferred absorption cross-sec
tion values are those of Yao ef al. 1 For wavelengths less 
than 280 nm no significant temperature dependence was 
observed, and for this region the preferred values are tab
ulated. For the region 285-380 nm there is a significant 
temperature dependence, and the preferred values must 
be calculated from the expression given. These results 
agree well with the room temperature values for 210-310 
nm reported by Graham and Johnston.' The preferred 
quantum yield of unity for N03 production is based on 
the results of Swanson et al.2 at 249 and 350 nm, those of 

Ravishankara et al.4 at 248 nm, and those of Barker et al.3 

at 290 nm. The preferred quantum yield values for OCP) 
atom production are those reported by Ravishankara 
et al.4 The recent study of Oh et al.s indicates that elec
tronically excited N02 in the 2Bl state is produced and 
photolysis induced flourescence (PIF) quantum yield val
ues are reported. For calculation of photodissociation 
rates in the atmosphere, pathway (3) is equivalent to 
pathway (1). In summary, it appears that N03 is produced 
with unit quantum yield throughout the region 248-350 
nm, and that the quantum yield for oxygen atom produc
tion decreases at longer wavelengths and appears to be 
approaching zero in the neighborhood of the thermody
namic threshold for OCP) atom production at 300 nm. 
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4.4. Organic Species 

o + CH3 ~ HCHO + H 

tlIfD = - 285.8 kJ'mol- 1 

Rate coefficient data 

klcm3 molecule-I S-I 

Absolute Rate Coefficients 
(1.4 ± 0.3) x 1O-11l 

Reviews and EvaluatiollS 
1.4 X 10- 10 

1.1 X 1O-\() 

Comments 

Temp./K 

294-900 

200-900 
200-300 

(a) Flow system with generation of CH3 and Oep) from 
simultaneous in situ photolysis of CH3COCH3 and 
S02, and determination of [CH3] and [0] by pho
toionization MS. Experiments were performed under 
conditions such that [O]J[CH3] > 20, and rate coeffi
cients were determined from the decay of CH3• The 
rate coefficient k was found to be independent of 
pressure over-the range 1-11 Torr, and its value was 
confirmed by measurement of the rate of formation 
of HCHO, the sole observable product. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Slagle, Sarzynski, and Gutman, 19871 

IUPAC, 19892 

NASA, 199()3 

(b) See Comments on Preferred Values. 

Comments 

(a) 

(b) 
(c) 

(c) Weighted average of the measurements of Washida 
and Bayes,S Washida6 and Plumb and Ryan.4 

Preferred Values 

k = 1.4 X 10- 10 cm3 molecule- l S-l over the tempera
ture range 200-900 K. 

Reliability 
Lllog k = ±0.1 at 298 K. 
Ll(E/R) = ± 100 K. 
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"'llIlt'llts on Preferred Values 
I III .... data sheet is reproduced from our previous evalu

,11 1 111, IUPAC, 1989.2 The recommended rate coefficient 
I .1 \... L' n from the extensive study of Slagle et al. 1 which is 

"I ~'t lod agreement with previous recommendations.3,7 
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OeD) + CH4 ~ HO + CH3 (1) 

~ Oep) + CH4 (2) 

~ HCHO + H2 (3) 

\1 /"( I) -179.8 k1'mol- 1 

\""(2) = -189.7 kJ'mol- 1 

\1/"(3) = -472.7 k1'mol- 1 

Rate coefficient data (k = kl + k2 + k3) 

I 't 11\1 molecule- 1 S-I Temp.JK Reference Comments 

Jiltlflching Ratios 
"./k = < 0.040 298 Wine and Ravishankara, 19821 (a) 

li,'\'(cWS and Evaluations 
/..1 = 1.4 X to-J() 200-300 

200-300 
200-300 
200-300 
200-300 
200-300 

NASA,19902 (b) 
/..1 = 1.4 X to- ll 

k = 1.5 X to-HI CODATA, 19823; IUPAC, 19894 (b,c) 
kdk = 0.9 
kJ/k = 0.1 
kJk = 0 

Comments 

(a) OeD) atoms generated from the 248 nm laser flash 
photolysis of 0 3 in CH4-He mixtures. Time-resolved 
measurement of Oep) by resonance fluorescence de
tection. 

(b) Based on data of Davidson et al.s and Amimoto 
et al.6 

(c) See Comments on Preferred Values. 

Preferred Values 

k = 1.5 X 10-10 em3 molecnle- l ~-l over the tempera
ture range 200-300 K. 

kdk = 0.9; k3/k = 0.1; ki/k = 0 over the temperature 
range 200-300 K. 

Reliability 
~log k = ±0.1 at 298 K. 
Mdk = M3/k = ±O.l. 
~(E/R) = ± 100 K. 

Comments on Preferred Values 
This data sheet is largely reproduced from our previous 

evaluation,3 but includes additional comments from a 
later evaluation.4 The most recent datal on this reaction 

are in excellent agreement with the previous recommen
dation3 which is unaltered. Casavecchia et al.7 have car
ried out a molecular beam study which indicates an 

. alternative reaction channel yielding CH30 (or CH20H) 
+ H. Further work is needed to confirm this observation. 

A recent study8 of the 248 nm laser flash photolysis of 
OrCH4 mixtures, with low-pressure FfIR emission spec
troscopy to monitor the HO* product, has provided evi
dence that the partitioning of energy in the vibrationally 
t;xdted HO raukal (up tu n = 4, the: maximum allowable 
according to the energetics of the reaction) is non-statis
tical. 
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!:Jr = -60.3 kJ·mol- 1 

Rate coefficient data 

Temp./K Reference Comments 

Absolute Rate Coefficients 
(4.3 ± 0.9) x 10- 12 1234 ± 15 

223-420 
298 

Bott and Cohen, 19891 (a) 
(b) 1.59 X lO-20 T284 exp( -978/T) 

6.35 x lO-IS 

Vaghjiani and Ravishankara, 19912 

Reviews and Evaluations 
3.7 X lO-12 exp( -1820/T) 
6.95 x lO-18 T2 exp( -1282/T) 
2.3 x lO-12 exp( -1700/T) 

240-300 
240-1512 
240-373 

IUPAC, 19893 

Atkinson, 19894 

NASA,199OS 

(c) 
(d) 
(e) 

Comments 

(a) HO radicals were generated from the thermal de
composition of t -butyl hydroperoxide in a shock tube 
and monitored by UV absorption at 309 nm. 

(b) HO radicals generated from the pulsed photolysis of 
H20, H20 2 and 03-H20 or 03-CH~ reactants, and 
detected by LIF. The CH4-HO concentration ratios 
were sufficiently high that secondary reactions of HO 
radicals were calculated to be negligible. Using the 
Arrhenius expression, k = A exp( - B IT), the rate 
coefficient data measured yielded the expression k = 
2.94 X 10- 12 exp[ - (1815 ± 30)IT] cm3 molecule- 1 

S-1 over the temperature range 223-420 K. 
(c) Derived from the absolute rate coefficient data of 

Greiner,6 Davis et al./ Margitan et al.,s Overend 
et al.,9 Howard and Evenson,10 Tully and Ravis
hankara,ll Husain et al.,12 Jeong and Kaufman13,14 
and Madronich and Felder.15 The three parameter 
equation k = CT2 exp( - D IT) was fitted to these 
data, resulting in k = 7.04 X 10-1s T2 exp( -1286IT) 
cm3 molecule-1 S-l over the range 240-1512 K. The 
preferred Arrhenius expression, k = A exp( - BIT), 
was centered at 265 K and was derived from the three 
parameter equation with A = C e2 T2 and B = D + 
2T. 

(d) Derived from the absolute rate coefficient data of 
Dixon-Lewis and Williams, 11> Greiner,l> Davis et ul.,7 
Margitan et al.,8 Overend et al.,9 Howard and 
Evenson,lo Ernst et al., 17 Tully and Ravishankara,ll 
Husain et al., 12 Jeong and Kaufman,13,14 Madronich 
and Felder,15 Cohen and BottIS and Smith et al.,19 us
ing the three parameter expression k = CT2 

exp( -DIT). 
(e) Derived from the absolute rate coefficient data of 

Davis et al./ which are in agreement with other tem
perature dependent studies.6,8,l1,12,15,20,21 

Preferred Values 

k = 7.0 X 10- 15 cm3 molecule-1 S-1 at 298 K. 
k = 3.9 X 10-12 exp( -1885IT) cm3 molecule-1 S-1 

over the temperature range 240-300 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reliubility 
~log k = ±0.10 at 298 K 
~(EIR) = ± 100 K. 

Comments on Preferred Values 
The absolute rate coefficients measured by Vaghjiani 

and Ravishankara2 over the temperature range 223-
420 K are - 20% lower than the majority of the previ
ously measured absolute rate coefficients. In particular, 
the data ofVaghjiani and Ravishankara2 at room temper
ature and below are significantly lower than the rate coef
ficients of Davis et al.7 and Jeong and Kaufman,13,14 
probably because of the occurrence of secondary reac
tions of HO radicals with CH3 radicals in these earlier 
studies.2 The CHJHO concentration ratios used in the 
studies of Greiner,6 Davis et al.,7 Overend et al.9 and 
Jeong and KaufmanI3 were significantly lower than those 
used by Vaghjiani and Ravishankara,2 and all of these 
earlier rate coefficient studies may have been subject to 
the occurrence of secondary reactions, leading to mea
sured rate coefficients higher than that for the elemen
tary HO + CH4 reaction, especially at the lowest 
temperatures studied. 

At around room temperature, the absolute rate coeffi
cients of Greiner/I Davis et al.,7 Margitan et al./' Overend 
et al.,9 Howard and Evenson,lO Zellner and Steinert,20 
Tully and Ravishankara,ll Husain et al.,12 Jeong and 
Kaufman,11 Jonah et ul.'l Madronich and Felderls and 
Vaghjiani and Ravishankara2 are in reasonable agree
ment, ranging from 6.35 x 10- 15 to 1.06 X 10- 14 cm3 

molecule -1 s -1 at -- 298 K. At higher temperatures there 
are discrepancies between the rate coefficients deter
mined by Zellrier and Steinert20 (above -625 K) and 
Jonah et al.21 (400-600 K) and those of Greiner,6 Margi
tan et al.,8 Tully and Ravishankara,ll Jeong and Kauf
man,I3 Madronich and Felder,15 Baulch et al.22 and 
Vaghjiani and Ravishankara2 (see also Ref. 4). 

The preferred values are derived from the absolute 
rate coefficient data of Refs. 1,2,8, 10, 11, 15-17 and 19. 
The three parameter equation k = CT2 exp( - D IT) was 
fitted to these data, resulting in k = 7.44 X 10- 18 T2 
exp( - 13551T) cm3 molecule -1 s -lover the range 223-
1512 K. The preferred Arrhenius expression, k = A 
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I \p( - B IT), is centered at 265 K and is derived from the 
,hlee parameter equation with A = C e2 T2 and B = D 
I 2T. The preferred 298 K rate coefficient is 17% lower 

,11.111 that recommended by the previous IUPAC evalua
II( Hl ~ and 10% lower than the most recent NASA evalua
'II 1Il.

5 

At 270 K, the preferred rate coefficient is 6% higher 
,han that calculated from the three parameter expression 
I II Vaghjiani and Ravishankara2 (and 2% higher than cal
l Idated from the Arrhenius expression cited2). This pre
kITed 270 K rate coefficient is 17% lower than the 
NASA, 19905 recommendation and 21 % lower than that 
Il'commended by the previous IUP AC3 evaluation. 
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Low-pressure rate coefficients 

Rate coefficient data 

J.. o/cm3 molecule -1 S-1 Temp'/K Reference Comments 

Absolute Rate Coefficients 
(6 ± 3) X 1O-3() [He] 
(2.5 ± 0.3) x 1O-3() [Ar] 
5 x 1O-3() [N2] 

298 
295 
298 

Hack et at., 19831 (a) 
(b) 
(c) 

Schmidt et aI., 19852 

Wahner and Zetzsch, 19853 

Ueviews and Evaluations 
5.6 x 10-30 [Ar] 
5 x 1O-3() [Nz] 
5 x 1O-30(T/298)-15[N2] 

5.5 x 1O-3() [air] 

228-300 
220-300 
230-500 
200-300 

Smith, Fairchild and Crosley, 19844 

CODATA, 19825; IUPAC, 19896 

Atkinson, 19897 

(d) 
(e) 
(0 
(g) NASA, 19901! 

Comments 

(a) Discharge flow system with EPR detection of HO 
radicals and MS identification of products. 

(b) Flash photolysis of H20 2 (or HN03)-C2H2 mixtures, 
with HO radicals being detected by LIF near 300 nm. 
Experiments were conducted in He, Ar, and Nz dilu
ents at pressures between 1 and 1000 mbar (in Ar). 
Construction of falloff curve used a value of Fc = 0.6 
to derive kao = (8.3 ± 0.8) x 10- 13 cm3 molecule- I 

s -I. In the presence of O2, glyoxal and vinoxy radicals 
were detected while HO radicals were regenerated. 
The following mechanism was postulated 

(c) Flash photolysis of HZ0 2 (or H20) mixtures in the 
presence of CzHz, with long path absorption detec
tion of HO radicals. Experiments were carried out in 
N2 diluent over the pressure range 10-1000 mbar. 
Falloff curve constructed with Fc = 0.6 to derive krr. 
= 9 X 10- 13 em3 molecule- I S-I. 

(d) Theoretical evaluation of the data of references 9 
and 10 using Fc = 0.6 and kx:(300 K) = 8.3 X 10- 13 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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cm3 molecule -1 s -1. Simulation of ko up to a temper
ature of 1400 K. 

(e) Based on the data of Refs. 2 and 3 together with ear
lier results. This preferred value is in agreement with 
simulations of the falloff curve, such as those in 
Ref. 4. 

(t) Temperature dependence based on data from Refs. 
9-11 in accord with evaluation from Ref. 4. Absolute 
value at 298 K based on data from Refs. 2 and 3. 

(g) Based on the evaluation of Ref. 4 and earlier data. 

Preferred Values 

ko = 5 X 10-30(TJ300)-15 [N2] cm3 molecule- 1 S-1 over 
the temperature range 200-300 K. 

Reliability 
L\log ko = ±0.1 at 300 K. 
Iln = ±1.5. 

Comments on Preferred Values 
Experimental data from Refs. 2 and 3 in the falloff 

range together with the theoretical analysis from Ref. 4 
lead to a fairly reliable falloff extrapolation. The pre
ferred temperature dependence follows the analysis of 
the data of Refs. 9-11 given in Ref. 7. At temperatures 
above - 500 K another component of the rate coefficient 
with much stronger temperature dependence has also to 
be taken into account (see Ref. 7). 

High-pressure rate coefficients 

Rate coefficient data 

k",/cm3 molecule- 1 S-1 Temp.1K Reference Comments 

Absolute Rate Coefficients 
(8.8 ± 1.4) x 10- 13 298 Atkinson and Aschmann, 198412 (a) 
(8.3 ± 0.8) x 10- 13 295 Schmidt et 01., 19852 (b) 
9 x 10- 13 298 Wahner and Zetzsch, 19853 (c) 
(8.8 ± 2.0) x 10- 13 297 Hatakeyama, Washida, and Akimoto, 198613 (d) 
8.5 x 10- 12 exp( -705fT) 333-1273 Liu, Mulac and Jonah, 198814 (e) 
8.0 x 10- 13 298* 

Reviews and Evaluations 
8.3 x 10-13(T/300)2 220-300 CODATA, 19825

; IUPAC, 19896 (f) 
9.4 X 10- 12 exp( -700fT) 230-500 Atkinson, 19897 (g) 
9.0 X 10- 13 298 
8.3 x 1O- 13(Tf300)2 200-300 NASA,199()!1 (h) 

Comments 

(a) HO radicals generated in the photolysis of 
CH30NO-NO-C2H 2-cyc1ohex;:lne-air mixtnres ;:It 1 
atm total pressure. Rates measured relative to the 
HO + cyc10hexane reaction, and the data were eval
uated using k(HO + cyc1ohexane) = 7.57 x 10-12 

cmj mo]ecule- 1 S-I. 

(b) See comment (b) for ko• 
(c) See comment (c) for ko• 
(d) Generation of HO radicals by photolysis of H 20 2 or 

ethyl nitrite. Reactant and product concentrations 
monitored by long path FfIR spectrometry. Mea
surements were carried out at 1 atm pressure in air. 
The reaction mechanism in the presence of O2 was in 
accord with Ref. 2. 

(e) Pulsed radiolysis technique with resonance absorp
tion measurement of HO radicals. Measurements 
were conducted at 1 atm of Ar. 

(t) See comment (e) for ko• The temperature coefficient 
corresponds to a small barrier for the addition reac
tion. 

(g) Based on data from Refs. 3, 9, and 14. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

(h) See Comment (g) for ko• 

Preferred Values 

ka:. = 9.0 X 10-13(TJ300)2 cm3 molecule- 1 S-1 over the 
temperature range 200-300 K. 

Reliability 
~log kG'; = ± 0.1 at 300 K. 
Iln = ±1. 

Comments on Preferred Values 
The preferred values are based on the evaluation of 

Ref. 7. Falloff curves are constructed with Fe = 0.69 at 
228 K and 0.62 at 298 K such as modeled in Ref. 4. 
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HO + C,H. + M --? C,H.OH + M 

11/" = -126 kJ'mol-' 
low~pfessure rate coefficients 

Rate coefficient data 

f."leIn) molecule- t 5- 1 Temp./K 

Ih\(}/ule Rate Coefficients 
(6.1 ± 1.2) X 10-" [N,] 300 
(5.2 ± 1.1) x 10- 29 [0,] 300 
(2.7 ± 0.5) x 1O-"'(TI300)-H [He] 251-430 

"'('I'teWS and Evaluations 
9.5 x 1O-"(Tl300) -3< [N,] 200-300 
1.0 x IO-'"(Tl298) -, [N,) 295-420 
1.5 x 1O-'"(Tl300)-'" [air] 200-300 

Comments 

ta) DiSCharge flow sysrem wilb resonance fluorescence 
detection of HO radicals, carried out at total pres
sure of 0.3-5 Torr. HO radicals were generated by re
acting H with excess NOl . Data extrapolated using F, 
= 0.7, The temperature dependence was obtained 
assuming k. = 7 X 10- 12 em3 molecule- I s-' with 
E/R = -400 K. If ElK = -1000 K was assumed, a 
value of n = 4.0 was derived. 

(b) Based on a series of earlier data, in particular on the 
data of Ref. 6. Falloff extrapolation with a calculated 
F, = 0.7. 

(c) Detailed review of all available earlier data. Based on 
experiments from Refs. 6-8. Falloff extrapolation 
with Fe = 0.7. 

(d) See comment (b). Temperature dependence from 
theoretical calculations. Falloff extrapolation with Fe 
= 0.6. The reaction may have a small activation 
barrier. 

Lee a~d Tang,13 ~;u,'." Tully etal.,",ll Jeong etal. i• 
and NIelsen et al.,· usmg a temperature dependence 
of EIR = 1100 K to recalculate the reported room 
temperature data to 298 K. The temperature depen-

Reference Comments 

KUQ and Lee, 1991' (a) 

CODATA, 1984'; IUPAC, 198,}' (b) 
Atkinson, 1989' (e) 
NASA,19W (d) 

Preferred Values 

kll = 7 x 10 "'(T/300r" [N,] em' molecule's 'over 
the temperature range 200-300 K. 

Reliability 
L\log kn = :+: 0.3 at 300 K. 
dn = :+:2. 

Comments 011 Preferred Values 
Because of the smaller scatter of the new data from 

reference 1, as well as of the lower data from earlier stud
ies, an average of the available results was preferred with 
heavier weight given at the smaller values of ko• Falloff 
curves are constructed with the calculated F, = 0.7 from 
Ref. 6. The temperature dependence remains uncertain, 
being possibly influenced by a small activation barrier. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

---.:~ -. "a """'P\ L'!l" I;') LClIl\;;It:U at "::0':' K. anCl IS 

d;fl;ed from the three parameter equation with A = C 
e T- and B = D + 2T. The room temperature (the tem
perature not being specified) absolute rate coefficient of 
SchIffman el al.' is in good agreement with the preferred 

J. Phys. Chern. Ref. Dala, Vol. 21, No.6, 1992 
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High-presure rale coefficients 

Rate coefficient data 

1222 ATKINSON ET AL. 

298 K rate coefficient, as are the relative rate coefficients 
of Baulch et af.>6 and Edney et al.27 
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HO + CaHs + M -> CaH60H + M 

Mr ~ - 134 kJ'rnol- 1 

Low-pressure rale coefficients 

Rale coefficient dala 

ko/cm 3 molecule -1 S-l 

Reliiews and Evaluations 
8 x JO-"(T/300r" [N,l 
3 x JO-"(Tl298)-' [air] 

Ternp./K 

2O()"300 
298-400 

Reference 

CODATA, i984'; IUPAC, 1989' 
Atkinson, 1989' 

Comments 

(0) 
(b) 

-~~--~.-------~~------~~--~-

Comments 

(a) In the pressure range 1-760 Torr at 298 K, the reac
tion is close to its high-pressure limit. The falloff ex
trapolation, therefore, is very uncertain. The ko value 
was based on the data from Klein et af.4 which show 
little scatter. Fe = 0.5 at 300 K was used such as in 
Refs. 4 and 5. The temperature dependence was esti
mated by analogy to the reaction HO + C,H, + M 
- C,H,OH + M. 

(b) Extensive evaluation of earlier data. Chosen value of 
k" was the geometrical mean of the data from Refs. 
4 and 5. The temperature dependence was estimated 
by analogy to HO + C,H4 + M -> C,H,OH + M. 

Preferred Values 

kG = 8 x 1O-27(TI300)-35[N,jcm'molecule-'s-'over 
the temperature range 200-300 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reliability 

Alog ko = ± I at 300 K. 
An = ±l. 

Comments on Preferred Values 
The uncertainty of the extrapolated k" is large, because 

the reaction is close to the high-pressure limit at pres
sures of I bar. The preferred values follow the falloff ex
trapolations from Refs. 4 and 5 which show the smallest 
scatter. Falloff extrapolations are made nsing Fe = 0.5 at 
300 K. The temperature coefficient of ko is estimated by 
analogy to the reaction HO + C2H, + M -> 

C,H,OH + M. 
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f:Jr = -78.6 kJ'mol- 1 

Rate coefficient data 

Temp./K 

Absolute Rate Coefficients 
2.70 x 10- 13 294 

413 1.12 X 10- 12 

(2.38 ± 0.16) x 10- 13 

(2.43 ± 0.12) x 10- 13 
297 ± 2 
Room temp. 

Reviews and Evaluations 
7.4 x 1O- 12 exp(-99O/T) 230-300 

226-800 
248-800 

1.42 x 10- 17 T2 exp( -462)/T 
1.1 x 10- 11 exp( -llOO/T) 

Comments 

(a) Discharge flow system with resonance fluorescence 
and LIF detection of the HO radical. 

(b) Discharge flow system with LIF detection of HO 
radicals. The total pressure was varied over the range 
7-381 Torr. Flow velocity and HO radical concentra
tion radial/axial profiles were measured, allowing the 
full continuity equation to be solved and hence -elim
inating the need to use the "plug flow" approxima-
tion. 
Pulsed laser photolysis system with laser infrared ab
sorption detection of the HO radical. HO radicals 
generated by laser photolysis of HN03 at 193 nm. To
tal,pressure, with argon diluent, was 9 Torr. 
Derived using the absolute rate coefficient data of 

- Greiner,7 Overend et al.,8 Howard and Evenson,9 
Leu,1O Margitan and Watson,ll Tully et al.,12.13 Jeong 
et al.,.4 Smith et al."s Baulch et al.,.6 Schmidt etal.,17 

etal.,ls Stachnick etal.,19 Wallington 
et al.,20 Bourmada et al.21 and Zabarnick et al.22 The 
absolute rate coefficient data used in the evalu
ation7-22 were fitted to the three parameter equation 
- = CT2 exp( -DIT), resulting in k = 1.42 X 10- 17 

exp( -461/T) cm3 molecule- I S-I over the temper
ature range 226-800 K. The Arrhenius expression, 
,' := A exp( - BIT), was centered at 265 K and was 

from the three parameter equation with A = 
e2. T2 and B = D + 2T. 
rived from the absolute rate coefficient data of 

,1 Overend et al.,8 Howard and Evenson,9 
Margitan and Watson,!1 Tully et al., 12.13 Jeong 

. ;14 Smith et al., IS Baulch et al., 16 Devolder et al., 18 
et al., 19 Wallington et al./o Bourmada et al.21 

Zabarnick et al.22 These data were fitted to the 
parameter equation k = CT2 exp( - D IT). 

298 K rate coefficient was derived from the data 
,7 Overend et al} Howard and Evenson/ 

Tang,23 Leu,1O Tully et al.,12.13 Jeong et al. 14 

r'llIf'I"~'n et al.,24 using a temperature dependence 
1100 K to recalculate the reported room 

data to 298 K. The temperature depen-

Reference 

Lafage et al ., 19871 

Abbatt, Demerjian, and Anderson, 199Q2 
Schiffman et al., 19913 

IUPAC, 19894 

Atkinson, 1989s 
NASA,19906 

Comments 

(a) 

(b) 
(c) 

(d) 
(e) 
(f) 

dence was derived from the data of Greiner,1 Tully 
et al. 12 and Jeong et al. 14 

Preferred Values 

k = 2.5 X 10- 13 cm3 molecule- I S-I at 298 K. 
k = 7.8 X 10- 12 exp( -1020IT) cm3 molecule- I S-I 

over the temperature range 240-300 K. 

Reliability 
Lllog k = ±0.10 at 298 K. 
Ll(EIR) = ± 100 K. 

Comments on PrefelTed Values 
The preferred values were obtained by using the abso

lute rate coefficient data of Howard and Evenson,9 Leu,IO 
Margitan and Watson,ll Tully et aI., 12.13 Smith et al.,ls 
Baulch et al., 16 Devolder et al., 18 Stachnick et al., 19 
Wallington et al.,20 Bourmada et al.,21 Zabarnick et al.22 

and Abbatt et al.2 The rate coefficient data of Greiner,1 
Overend et al.8 and Jeong et al. 14 were not used in the 
evaluation since, analogous to the situation for the reac
tion of the HO radical with methane (see HO + CH4 
data sheet), the C2HJHO concentration ratios were such 
that the possibility of secondary reactions existed, leading 

. to erroneously high measured rate coefficients. The data 
of Gordon and Mulac,25 Lee and Tang,23 and Nielsen 
et al,z4 were also not included in the evaluation since, 
while their data are in good agreement with the other 
rate coefficients for C2H6, these studies exhibit significant 
discrepancies with the consensus literature data for other 
organic compounds studied . 

The absolute rate coefficient data used in the evalua
tion2.9-13.15.16.18-22 were fitted to the three parameter equa
tion k = CT2 exp(-DIT), resulting in k = 1.51 X 10- 17 

T2 exp( -492IT) cm3 molecule - I S-1 over the tempera
ture range 226-800 K. The preferred Arrhenius expres
sion, k = A exp( - B IT), is centered at 265 K and is 
derived from the three parameter equation with A = C 
e2 T2 and B = D + 2T. The room temperature (the tem
perature not being specified) absolute rate coefficient of 
Schiffman et al.3 is in good agreement with the preferred 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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298 K rate coefficient, as are the relative rate coefficients 
of Baulch et al.26 and Edney et al. 27 

References 

Ie. Lafage, J.-F. Pauwels, M. Carlier, and P. Devolder, J. Chern. Soc., 
Faraday Trans. 2, 83, 731 (1987). 

2J. P. D. Abbatt, K L. Dernerjian, and J. G. Anderson, J. Phys. Chern. 
94, 4566 (1990). 

3A. Schiffman, D. D. Nelson, Jr., M. S. Robinson, and D. J. Nesbitt, J. 
Phys. Chern. 95, 2629 (1991). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
sR. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
7N. R. Greiner, J . Chern. Phys. 53, 1070 (1970). 
HR. P. Overend, G. Paraskevopoulos and R. J. Cvetanovic, Can. J. 

Chern. 53, 3374 (1975). ' 
9e. J. Howard and K M. Evenson, J. Chern. Phys. 64, 4303 (1976). 
IOM._T. Leu, J. Chern. Phys.70, 1662 (1979). 
IIJ. J. Margitan and R. T. Watson, J. Phys. Chern. 86, 3819 (1982). 
12F. P. Tully, A: R:' Ravishankara andKCarr, Int. J. Chern. Kinet. IS, 

1111 (1983). , 
13F. P. Tully, A. T. Droege, M. L. Koszykowski, and C. F. Melius, J. 
Phys. Chern. 90, 691 (12?6)~ 

14K_M. Jeong, K-J. Hsu'; lB.Jeffries, and F. Kaufman, J. Phys. Chern. 
88, 1222 (1984). 

ISC. A. Srnith,L. T. Molina, J. J. Lamb, and M. J. Molina, Int. J. Chern. 
Kinet. 16, 41 (1984). 

16D. L. Baulch, I. M. Campbell, and S. M. Saunders, J. Chern. Soc. 
day Trans. 1, 81, 259 (1985). 

I7V. Schmidt, G. Y. Zhu, K H. Becker, and E. H. Fink, Ber. Bunsenges 
Phys. Chern. 89, ;321 (1985). 

IMP. Devolder, M. Carlier, J. F. Pauwels, and L. R. Sochlet, Chern. 
Lett. 111,94 (1984). 

19R. A. Stachnik, L. T. Molina and M. J. Molina,J. Phys. Che~. 90, 
(1986). ' 

2O'f. J. Wallington, D. M. Neuman, and M. J. Kurylo, Int. J. Chern. 
Kinet. 19, 725 (1987). . ' 

21N. Bourrnada, e. Lafage and P. Devolder, Chern. Phys. Lett. 136,2,09 
(1987). 

22S. Zabarnick, J. W. Fleming, and M. e. Lin, Int..1. Chern. Kinet. 
117 (1988). ," 

23J. H. Lee and I. N. Tang, J. Chern. Phys. 71,' 4459 (1982). 
240. J. Nielsen, J. Munk, P. Pagsberg, and A. Siliesen, Chern. Phys. Lett. 

128, 168 (1986). 
25S. Gordon and W. A. Mulac, Int. J. Chern.'Kinet., Syrnp. 1,289 (1975). 
26D. L. Baulch, R. J. B. Craven, M. Din, D. D. Drysdale, S. Grant, D. 
J. Richardson, A. Walker, and G. Watling, J. Chern. Soc. Faraday 
Trans. 1, 79, 689 (1983). 

27E. O. Edney, T. E. Kleindienst, and E. W. Corse, Int. J; Chern. Kinet; 
18, 1355 (1986). 

HQ + C3Hs + M --? C3HsOH +. M 

AHO = - 134 kJ'rnol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

Reviews arid Evaiualions 
8 x 1O-27(TJ300)-3.5 [N2r 
3 x 1O-27(T/298y3 [air] 

Comments 

Ternp./K . 

200-300 
298-400 

(a) In the pressure range 1-760 Torrar-298 K, the reac-
tionis close to its high-pressure limit. The falloff ex

. trapolation, therefore; is very uncertain. The ko value 
'was based on the data from Klein et al} which show 
little scatter. Fc =0.5 at300 Kwas used such as in 
Refs. 4and 5. The temperatllre dependence was esti
mated by analogy to the reaction HO +. . CiH4 + M 
--? C2H40H + M. 

(b) Extensive evaluation of earlier data. Chosen value of 
ko was the geometrical mean of the· data from Refs. 

·4 and 5. The temperature dependence was estimated 
by analogy to HO +. C2H4 + M --?, C2H40H + M. 

Prefened Values · 

ko = 8 X 1O-27(T/300)-3.5 [N2] cm3 molecule-I s;-:lover 
the temperature range 20Q-,.300 K. 

.1 , PhvA. Chern. Ref. Data. Vol. 21,-No. 6, .1992 

Reference 

CODATA, 19841; IUPAC, 19892 

Atkinson, 1989J 

Reliability , " 
~log ko-= ± 1 at 300 K. 
Iln = .± 1. 

Comments on Preferred Values 

Comments , 

(a) 
(b) 

The uncertainty of the extrapolated ko is large, because 
the reaction is close to the high-pressure limit at pres
sures of 1 bar. The preferred values follow the falloff ex
trapolations from Refs. 4 and 5 which show the smallest 
scatter. Falloff extrapolations are made using Fc =0.5 at 
300 K. The temperature coefficient of ko is estimated by 
analogy to the reaction HO + C2H4 + "M --? 

C2H40H + M. 
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High-pressure rate coefficients 

Rate coefficients data 

, III \ rnolecule- 1 S-1 

I' ",11111' Rate Coefficients 
I \ III ::!:: 0.42) x 10- 11 

•. I 1t'lI'\ and Evaluations 
III x 10- 11 

'S X 1O- 11(Tf298)-13 

Comments 

Temp./K 

298 

200-300 
290-470 

I .1) Pulsed radiolysis of H20-Ar mixtures at a total pres
sure of 1 bar. The generated HO was determined by 
absorption spectroscopy at 309 nm. 

Ill) Dascd on a variety of experimental data at pressures 

below 1 bar. Falloff extrapolations of the experi
ments of references 4, 5, and 7 showed consistency. 

(\) Extensive evaluation of earlier data. The tempera
ture coefficient was from the data of Refs. 5 and 7. 
Falloff extrapolation using Fe = 0.5 at 300 K. 

Preferred Values 

koo = 3.0 X 10- 11 cm3 molecule- 1 
S-1 over the temper

,tlure range 200-300 K. 

Ucliability 
Lllog kcc 

300K. 
Lln = ±1. 

± 0.1 over the temperature range 200-

Reference 

Nielsen et al., 19906 

CODATA, 19841
; IUPAC, 19892 

Atkinson, 19893 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

The preferred values are based on Refs. 1-7. Because 
there is uncertainty about the extent of falloff at temper
atures above 300 K and there is the possibility of a small 
activation barrier, as in the reaction HO + C2H2 + M ~ 
C2H20H + M, we prder a temperature independent 

value of k", in contrast to the recommendation of Ref. 3. 

References 

lCODATA, Supplement II, 1984 (see references in Introduction). 
2IUPAC, Supplement III, 1989 (see references in Introduction). 
3R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
4Th. Klein, I. Barnes, K. H. Becker, E. H. Fink, and F. Zabel, J. Phys. 

Chern. 88, 5020 (1984). 
5R. Zellner and K. Lorenz, J. Phys. Chern. 88, 984 (1984). 
60. J. Nielsen, O. Jorgensen, M. Donlon, H. W. Sidebottom, D. J. 

O'Farrell, and J. Treacy, Chern. Phys. Leu. 168, 319 (1990). 
7F. P. Tully and J. E. M. Goldsmith, Chern. Phys. Leu. 116,345 (1985). 

HO + C3Ha ~ H20 + n -C3H7 (1) 

~ H20 + ; -C3 H7 (2) 

MlO(I) -75.9 kJ'mol- 1 

l!.HO(2) = -87.6 kJ'mol- 1 

Absolute Rale Coefficients 
(1.27 ::!:: 0.11) x 10- 12 

(1.21 ± 0.10) x 10- 12 

(1.22 ::!:: 0.08) x 10- 12 

(1.02 ::!:: 0.05) x 10- 12 

Relative Rate Coefficients 
1.38 x 10- 12 

ReViews and EvaluatiOns 
8.6 x 10- 12 exp( -610fT) 
1.50 x 10- 17 T2 exp( -44fT) 
1.4 x 10- 11 exp(-750/T) 

Rate coefficient data (k = k1 + k 2 ) 

Temp./K Reference Comments 

295 ± 2 Nielsen et al., 19881 (a) 
297 ± 2 Abbatt, Demerjian, and Anderson, 19902 (b) 
298 Mac Leod el al., 19903 (c) 
Room temperature Schiffman et al., 1991 4 (d) 

300 ::!:: 3 Behnke, Nolting and Zetzsch, 19875 (e) 

-270-340 IUPAC, 19896 (f) 
293-1220 Atkinson, 19897 (g) 
293-500 NASA, 199011 (h) 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) HO radicals generated by pulsed radiolysls of 
Ar-H20 mixtures at 750 Torr total pressure ann de
tected by UV absorption at 309 nm. 

(b) Discharge flow system with LIF detection of HO rad
icals. The total pressure was 51 ± 2 Torr (N2). Flow 
velocity and HO radical concentration radial/axial 
profiles were measured, allowing the full continuity 
equation to be solved and hence eliminating the need 
to use the "plug flow" approximation. 

(c) HO radicals generated by the pulsed laser photn1ysis 
of HN03, and detected by LIF. 

(d) HO radicals generated by the pulsed laser photolysis 
of HN03 at 193 nm, and detected by laser infrared 
absorption. Total pressure, with argon as the diluent, 
was 9 Torr. 

(e) Relative rate method. HO radicals generated by pho
tolysis of NOx-organic-air mixtures at atmospheric 
pressure, and the relative decay rates of propane and 
n -butane measured. The cited rate coefficient was 
obtained relative to a rate coefficient of k(HO + 
n-butanc;) = 2.56 X 10- 12 cm3 mulecuk- 1 

S-l. ' 

(f) Derived from the absolute rate coefficient data of 
Greiner,9 Schmidt et al., 10 Baulch et al. ll and Droege 
and Tullyl2 and the relative rate coefficient of Atkin
son et al Y (these studies of Droege and Tullyl2 and 
Atkinson et al. 13 superseding the previous studies of 
Tully et al. 14 and Darnall et al., 15 respectively). These 
data9-13 were fitted to the three parameter equation 
k = CT2 exp( -DIT), resulting in k = 1.29 X 10-17 

T2 exp( 61T) cm3 molecule -I s -lover the temperature 
range 293-854 K. The preferred Arrhenius expres
sion, k = A exp( - B IT), was centered at 300 K, and 
was derived from the three parameter equation with 

A = C e2 T2 and B = D + 2T. 

(g) Derived from the absolute rate coefficient data of 
Greiner,9 Baulch et al.,ll Droege and Tully,12 Bott 
and Cohen16 and Smith et at.I7 and the relative rate 
coefficients of Baker et al. 18

,19 and Atkinson et al.13 
(the studies of Droege and Tully12 and Atkinson 
et al.13 superseding the previous studies of Tully 
et al. 14 and DarI\all et al.,15 respectively). These 
data9,11-13,16-19 were! fitted to the three parameter 
equation k = CT2 exp( - D IT). 

(h) The room temperature rate coefficients of Greiner,9 

Bradley et al.,20 Tully et al., 14 Baulch et al.,21 Schmidt 
et al. lo and Droege and Tullyl2 were used to derive 
the 298 K value. The temperature dependence was 
derived from a least-squares analysis of the rate coef
ficients of Greiner,9 Tully et al.14 and Tully and 
Droegel2 at < 500 K, with theA factor being adjusted 
to fit the 298 K value. 

Preferred Values 

k = 1.14 X 10- 12 cm3 molecule-I S-I at 298 K. 
k = 9.8 X 10- 12 exp( -640IT) cm3 m01ecule- 1 S-I over 

a small temperature range around 300 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reliability 
~log k = ±O.10 at 298 K. 
~(E/R) = ±150 K. 

Comments on Pre/erred Values 
The available rate coefficient data exhibit a large 

amount of scatter, especially at 350 K and below. The ab
solute rate coefficient data of Greiner,9 Bott and Cohen,16 
Smith et al., 17 Baulch et al., 11 Droege and Tully,12 Abbatt 
et al.2 and Mac Leod et al.3 and the relative rate coeffi
cients of Baker et al.18

•
19 and Atkinson et al.13 were used 

to derive the preferred value. These data were fitted to 
the three-parameter equation k = CT2 exp( - D IT), re
sulting in k = 1.48 X 10- 17 T2 exp( -39fT) em3 

molecule -I s -lover the range 293-1220 K. The preferred 
Arrhenius expression, k ,..,... A exp( - BIT), is centered at 
300 K, and is derived from the three parameter equation 
with A = C e2 T2 and B = D + 2T. Note that the data 
upon which this expression is derived do not extend be
low 293 K. The relative rate coefficients of Baulch et al.21 

and Edney et al.22 are in good agreement with the recom
mended expression, as is the absolute rate coefficient of 
Schiffman el al." at room temperature (which was not 
specified). 
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HO + CO ~ H + CO2 

\/1" -= -104.3 kJ'mol- 1 

Rate coefficient data 

i, Ill' molecule- 1 S-1 

I/.\(}Illle Rate Coefficients 

I 72 X 10- 13 

.~ 67 X 10- 13 

(I 19 X 10- 13 

',t'\'/CWS and Evaluations 

(P = 0.6 bar) 
(P = 1.1 bar) 
(P = 130 bar) 

I 5 X 10- 13 [1 + (0.6 Plbar)] 
I 5 x 10- 13 [1 + (0.6 Plbar)] 

Comments 

Temp./K 

295 
295 
295 

200-300 
200-300 

(a) Laser flash photolysis of N20 at 193 nm in the pres
ence of H20-CO-He mixtures at total pressures be
tween 0.6 and 130 bar. HO radicals were detected by 
saturated LIF near 308 nm. Pseudo-first order condi
tions used with excess CO. Analysis of the pressure 
dependence in terms of a complex mechanism involv
ing addition of HO gave a value of koo = 6.5 X 10- 13 

cm3 molecule- 1 S-I. 

(b) Weighted non-linear least-squares fit of pressure de
pendent data in Nz and air from Paraskevopou)os 
and Irwin,4 DeMore,s Hofzumahaus and Stuhl," Niki 
etal .. 7 Hynes etal.,s Wahner and Zetzsch9 and un
published data of Fritz and Zellner, Stachnik and 
Molina, and Wine and co-workers. The zero temper
ature dependence was recommended on the basis of 
the data of Hynes et al.8 and Stachnik and Molina. 

Preferred Values 

k = 1.5 X 10- 13 [1 + 0.6 P/bar)] over the temperature 
range 200-300 K and the pressure range 0 - 1 bar N2 or 
air. 

Reliability 
Alog k ::::: ±O.l at 298 K. 
A (E/R ) - ;;!;. 300 K. 

Reference 

Forster el ai., 19921 

IUPAC, 19892 

NASA,19903 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(b) 

The preferred values are unchanged from our previous 
evaluation2 and are recommended on the same basis [see 
comment (b)]. The recent investigation of the pressure 
dependence up to very high pressures confirms the com
plex addition mechanism, and increases the confidence in 
the recommended pressure dependence for atmospheric 
conditions. There is little or no temperature dependence 
under conditions relevant for atmospheric chemistry. At 
higher temperatures, the rate coefficient k increases in a 
strongly non-Arrhenius fashion (see the review by Tsang 
and Hampson 10). 
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!lA. J. Hynes, P. H. Wine, and A. R. Ravishankara, J. Geophys. Res. 91, 

1181.5 (1986). 

9 A. Wahner and C. Zetzsch, Informal Conference on Photochemistry, 
Boulder, CO, June 1986. 

IUW. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1087 
(1986). 
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HO + HCHO ~ H20 + HCO (1) 

~ H + HCOOH (2) 

MfO(1) = -135.3 kJ'rnol- 1 

MfO(2) = -91.5 kJ'mol- 1 

Rate coefficient data (k = k1 + k2) 

k/crn3 rnolecule- 1 S-1 

Absolute Rate Coefficients 
(7.95~i:~) x 10- 12 

Branching Ratios 
klfk = 0.97~~:~~ 

Reviews and Evaluations 
1.6 x 10-11 exp( -110fT) 
1.25 x 10- 17 T2 exp(648/T) 
1.0 x 10-11 

Comments 

Ternp.IK 

298 

298 

230-580 
228-426 
228-426 

( a) Discharge flow system with resonance fluorescence 
detection of HO radicals. HO radicals generated by 
reaction of H atoms with N02• Branching ratio 
derived from modeling of HO radical decays ob
tained in the presence of HCHO in the presence and 
absence of O2• 

(b) Derived from the absolute rate coefficients deter
mined by Atkinson and Pitts,S Stief et al.,6 Temps and 
Wagner7 and Zabarnick et al.,s which are in reason
ably good agreement at room temperature. The rate 
coefficients of Morris and Niki9 and Niki et al. IO

•
11 are 

consistent with the 298 K value. 
(c) Derived from the absolute rate coefficients of Atkin

son and PiUss and Stief et al., 6 using the three 
parameter equation k = CT2 exp( -D/T). 

(d) The 298 K rate coefficient was the average of the ab
solute rate coefficients determined by Atkinson and 
Pitts/' Stief et al.," Temps and Wagner' and Zabar
nick et al.s The combined data set yielded no evi
dence for any temperature dependence of the rate 
coefficient. 

Preferred Values 

k = 9.6 X 10- lZ cm3 molecule- l S-l at 298 K. 
k = 8.8 X 10- 12 exp(2S/T) cm3 molecule-1 S-1 over the 

temperature range 240-300 K. 
kl/k = 1.0 at 298 K. 

Reliability 
~log k = ±0.10 at 298 K. 
~(E/R) = ± 150 K. 
ll(k1/k) = ± 0.10 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Yetter et ai., 19891 (a) 

Yetter et ai., 19891 (a) 

IUPAC.19892 (b) 
Atkinson, 19893 (c) 
NASA,19904 (d) 

Comments on Preferred Values 
The absolute rate coefficients of Atkinson and Pitts,5 

Stief ct al.,6 Temps and Wagner,? Zabarnick ct al.s (aver
aging the 296-301 K and 567-':574 K values to yield rate 
coefficients of 1.25 x 10- 11 cm3 molecule-1 S-1 at 298 K 
and 1.45 x 10- 11 cm3 molecule- 1 S-1 at 572 K) and Yetter 
et al.1 and the relative rate coefficient of Niki et al.ll (for 
formaldehyde-13C) were fitted to the three parameter ex
pression k = CT2 exp( - D /T), resulting in 

k = 1.69 X 10- 17 T2 exp(557/T) cm3 molecule-1 S-1 

over the temperature range 228-572 K. The preferred 
Arrhenius expression, k = A exp( - B /T), is centered at 
265 K and is derived from the three parameter expression 
withA = C e2T2 and B = D + 2T. 

The product data of Temps and Wagner7 and Niki 
et al. lI and the kinetic/modeling results of Yetter et al. 1 

show that at 298 K this reaction proceeds essentially to
tally via pathway (1) tu yield H20 + HCO. 

References 

lR. A. Yetter, H. Rabitz, F. L. Dryer, R. G. Maki, and R. B. Klemm, 
J. Chern. Phys. 91, 4088 (1989). 

2IUP AC, Supplement III, 1989 (see references in Introduction) . 
.iR. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1, 1989. 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5R. Atkinson and J. N. Pitts, Jr., J. Chern. Phys. 68, 3581 (1978). 
6L. J. Stief, D. F. Nava, W. A. Payne and J. V. Michael, J. Chern. Phys. 

73, 2254 (1980). 
7F. Temps and H. Gg. Wagner, Ber. Bunsenges Phys. Chern. 88, 415 

(1984). 
!IS. Zabarnick, J. W. Fleming, and M. C. Lin, Int. J. Chern. Kinet. 20, 117 

(1988). 
9E. D. Morris, Jr. and H. Niki, J. Chern. Phys. 55, 1991 (1971). 
lOH. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys. 
Chern. 82, 132 (1978). 

llH. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys. 
Chern. 88, 5342 (1984). 
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\/1" -139.6 kJ'mol- 1 

Rate coefficient data 

I. /11111 molecule- I S-1 Temp./K 

/I'IO/ute Rate Coefficients 
H 6 x 10- 12 exp[(200 ± 60)/T] 297-517 
(1.69 ± 0.34) x 10- 11 298 ± 2 
(1.7 ± 0.3) x 10- 11 298 

li,'!'/CWS and Evaluations 
S 6 X 10- 12 exp(310/T) 240-530 
.5 55 X 10- 12 exp(311/T) 244--528 
6.0 X 10- 12 exp(250/T) 244--528 

Comments 

(a) Discharge;; flow system with resonance fluorescence 
or LIF detection of HO radicals. HO radicals gener
ated from the reactions H + N02 and F + H20. 

( h) Laser photolysis system with resonance fluorescence 
detection of HO radicals. 

(c) Derived from the absolute rate coefficient data of 
Atkinson and Pitts6 and Michael et al.,1 and the rela
tive rate coetficient of Niki et al.8 at 2Y~ K. The data 
of Semmes et al.9 were not used in the evaluation be
cause of their reported difficulties in determining the 
acetaldehyde concentration. 

(d) The 298 K rate coefficient was based upon the rate 
coefficient data of Morris et al.,lO Niki et al.,8 Atkin
son and Pitts,6 Kerr and Sheppard,ll Semmes et al.9 

and Michael et al.7 The temperature dependence was 
the average of those measured by Atkinson and 
Pitts,6 Semmes et al.9 and Michael et al.7 

Preferred Values 

k = 1.6 X 10- 11 rm3 mo]~rll1e-l S-l :It 298 K. 
k = 5.6 X 10- 12 exp(310/T) cm3 molecule- 1 S-1 over 

the temperature range 240-530 K. 

Reliability 
~log k = ±0.10 at 298 K. 
~(E/R) = ± 200 K. 

Comments on Preferred Values 
The preferred values were obtained from a least

squares analysis of the absolute rate coefficient data of 
Atkinson and Pitts6 and Michael et al., 7 and the relative 
rate coefficient of Niki et al.8 at 298 K. The absolute and 

Reference Comments 

DoM, Khachatryan and Berces, 19891 (a) 

Balestra-Garcia et al., 19922 (b) 

IUP AC. 19893 (c) 
Atkinson, 19894 (c) 
NASA,19905 (d) 

relative rate data of Morris et al., 10 Cox et al., 12 Kerr and 
Sheppard l1 and Balestra-Garcia et al.2 are in agreement 
with th~ pre;;f~ned 298 K value;;. The;; data uf Semmes 
et al.,9 which are lower than the preferred values by up to 
- 25%, were not used in the evaluation because of their 
reported difficulties in accurately determining the 
acetaldehyde concentrations. 

While the absolute rate coefficients measured by D6be 
et al. 1 for CH3CHO are in good agreement with the pre
ferred values, their measured rate coefficients for the re
actions of the HO radical with the higher aldehydes 
(CH3hCHCHO and (CH3)3CCHO are significantly 
higher, by factors of -1.5 -2.3, than the rate coefficients 
of Kerr and Sheppard11 and Semmes et al.9 (which are in 
good agreement). Accordingly, the rate coefficient data 
of D6be et al.1 have not been used in the evaluation. 

References 

• I:::>. Vdbe, L. A. Khachatryan, and T. Herces, Ber. Bunsenges Phys. 
Chern. 93, 847 (1989). 

2C. Balestra-Garcia, G. Le Bras, and H. Mac Leod, J. Phys. Chern., 96, 
3312 (1992). 

:lIUPAC, Supplement Ill, lYt$Y ~see reterences in lntroduction}. 
4R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6R. Atkinson and J. N. Pitts, Jr., 1. Chern. Phys. 68, 3581 (1978). 
71. V. Michael, D. G. Keil and R. B. Klemm, J. Chern. Phys. 83, 1630 

(1985). 
!!H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, 1. Phys. 

Chern. 82, 132 (1978). 
\lD. H. St:mmes, A. R. Ravishankara, C. A. Gump-Perkins and P. H. 
Wine, Int. J. Chern. Kinet. 17,303 (1985). 

wE. D. Morris, Jr., D. H. Stedman, and H. Niki, J. Am. Chern. Soc. 93, 
3570 (1971). 

IlJ. A. Kt:rr aml D. W. Sht:ppard, Environ. Sci. Techno!. 15,960 (1981). 
12R. A. Cox, R. G. Derwent, P. M. Holt, and J. A. Kerr, J. Chern. Soc. 
Faraday Trans. 1, 72, 2061 (1976). 
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HO + C2HsCHO ~ products 

Rate coefficient data 

Absolute Rate Coefficients 
(1.71 ± 0.24) x 10- 11 

Relative Rate Coefficients 
3.06 x 10- 11 

(2.22 ± 0.09) x 10- 11 

(1.94 ± 0.15) x 10- 11 

(1.83 ± 0.21) x 10- 11 

<3.0 X 10- 11 

Reviews and Evaluations 
2.0 x 10- 11 

1.96 X 10- 11 

Comments 

Temp./K 

298 

298 
298 ± 2 
298 ± 4 
298 
296 

298 
298 

(a) Flash photolysis system with resonance fluorescence 
detection of HO radicals. 

(b) Discharge flow system with MS detection of 1-
propanal and propene in the presence of excess HO 
radicals. Rate coefficient determined relative to that 
for propene, and placed on an absolute basis using 
k(HO + propene) = 1.7 x 10- 11 cm3 molecule- 1 S-1 

under the experimental conditions used.9 

( c) Relative rate method. HO radicals generated by pho
tolysis of HONO in air at atmospheric pressure. De
cay of 1-propanal monitored relative to that for 
ethene, and placed on an absolute basis using 
k(HO + ethene) = 8.52 x 10- 12 cm3 molecule- 1 

S-I.8 

(d) Relative rate method. HO radicals generated from 
the heterogeneous reaction of H20 2 with N02• Rate 
coefficient measured relative to that for acetalde
hyde, and placed on an absolute basis by use of 
k(HO + CH3CHO) = 1.6 x 10- 11 cm3 molecule- 1 

S-1 (this evaluation). 
(e) Relative rate method. Rate coefficient determined 

relative to that for 110 + IIONO from the observed 
dependence of the rate of change of NO on the NO) 
C2HsCHO concentration ratio, and placed on an ab
solute basis by use of k (HO + HONO) = 4_8 x 
10- 12 cm3 molecule- 1 S-1 (this evaluation). 

(f) See Comments on Preferred Values. 
(g) Derived from the absolute rate coefficient of 

Semmes et al.1 and the relative rate coefficients of 
Niki et al.3 and Kerr and Sheppard.4 

Preferred Values 

k 2.0 X 10- 11 cm3 molecule- I S-I at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Semmes et al., 19851 

Morris and Niki, 19712 

Niki et al., 19783 

Kerr and Sheppard, 19814 

Audley, Baulch and Campbell, 19815 

Kerr and Stocker, 19856 

IUPAC, 19897 

Atkinson, 1989l! 

Reliability 
Alog k = ±O.l5 at 298 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 
(c) 
(d) 
(e) 

(f) 
(g) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.7 The preferred rate coefficient is 
derived from the mean of the absolute rate coefficient of 
Semmes et al. 1 and the relative rate coefficients of Niki 
et al.3 and Kerr and Sheppard.4 The upper limit to the 
rate coefficient obtained by Kerr and Stocker6 is consis
tent with the preferred value. The relative rate coefficient 
of Audley et al.s was not used in the evaluation, due to 
questions concerning the applicability of the experimen
tal technique used. I

•
8 The rate coefficient derived by 

Kaiser lO at 553 K relative to those for ethene, propene 
and trans-2-butene of :5 2.9 x 10- 11 cm3 molecule- 1 S-I, 

though of only semi-quantitative value, suggests a zero or 
close to zero temperature dependence, as expected by 
analogy with HCHO and CH3CHO. The major reaction 
channel is expectedS to be H-atom abstraction from the 
-CHO group to form H20 + C2HsCO. 

Reference=:; 

lD. H. Semmes, A. R. Ravishankara, C. A. Oump-Perkins, and P. H. 
Wine, Int. J. Chern. Kinet. 17, 303 (1985). 

:lE. D. Morris, Jr. and H. Niki, J. Phys. Chern. 75, 3640 (1971). 
3H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys. 

Chern. 82, 132 (1978). 
4J. A. Kerr and D. W. Sheppard, Environ. Sci. Technol. 15,960 (1981). 
50. J. A~dley, D. L. Baulch, and I. M. Campbell, J. Chern. Soc. Faraday 
Trans. 1, 77, 2541 (1981). 

6J. A. Kerr and D. W. Stocker, J. Photochem. 28, 475 (1985). 
7IUPAC, Supplement III, 1989 (see references in Introduction). 
!lR. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
'IE. D. Morris, Jr., D. H. Stedman, and H. Niki, J. Am. Chern. Soc. 93, 
3570 (1971). 

JOE. W. Kaiser, Int. 1. Chern. Kinet. 15, 997 (1983). 
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HO + (CHOh ~ H20 + CHOCO 

Rate coefficient data 

, 'Ill' molecule-I S-I 

I" !,I{/I'e Rale Coefficients 
(I 14 ± 0.04) X 10- 11 

/" , fl'WS and Evaluations 
I 1 X 10- 11 

I 14 X 10- 11 

Comments 

Temp./K 

298 ± 2 

298 
298 

1,1) Relative rate method. HO radicals generated by pho
tolysis of CH30NO-NO-air mixtures at atmospheric 
pressure. Relative decay rates of glyoxal and cyclo
he::xane monitored in the presence of varying concen

trations of HO radicals. Relative rate coefficient 
placed on an absolute basis by use of k(HO + cyclo
hexane) = 7.49 x 10- 12 cm3 molecule- I S-I.3 

(h) See Comments on Preferred Values. 
( c) Based on the study of Plum et al.1 

Preferred Values 

k = 1.1 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

Ueliability 
~log k = ± 0.3 at 298 K. 

Reference 

Plum et al., 19831 

IUPAC, 19892 

Atkinson, 19893 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.2 The preferred rate coefficient is 
based on the study of Plum et ai., 1 with increased uncer
tainty limits. The rate coefficient at 298 K is similar to 
tllO::o.e for othe::r ahkhyue::s. A duse:: Lu ze::ru te::mp~ratur~ 

dependence is expected at around 298 K. The reaction is 
assumed to proceed via overall H-atom abstraction to 
yield H70 + HC(O)CO. 

References 

Ie. N. Plum, E. Sanhueza, R. Atkinson, W. P. L. Carter, and J. N. Pitts, 
Jr., Environ. Sci. Techno!. 17,479 (1983). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 

HO + HOCH2 CHO ~ H2 0 + HOCH 2CO (1) 

Relative Rate Coefficients 
(1.0 ± 0.1) X 10- 11 

Branching Ratios 
k71k = 0.20 
kl/k = 0.80 

Reviews and Evaluations 
1.0 X 10- 11 

~ H20 + HOCHCHO (2) 

Aate coefficient data (k = k1 + k2 ) 

Temp./K Reference Comments 

298 ± 2 Niki et al., 19871 (a) 

298 Niki et aI., 19871 (a) 

298 IUPAC, 19892 (b) 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) HO radicals generated by photolysis of 
CH30NO-NO-air and C2HsONO-NO-air mixtures 
at 700 Torr total pressure. Rate coefficient measured 
relative to that for reaction of HO radicals with 
CH3CHO, and placed on an absolute basis by use of 
k(HO + CH3CHO) = 1.6 x 10- 11 cm3 molecule- 1 

S-1 (this evaluation). Branching ratio determined by 
measuring the formation of the (CHO)2, CO2 and 
HCHO products, with (CHO)2 being produced by re
action of 02 with the HOCHCHO radical formed in 
step (2), .and CO2 + HCHO being produced from the 
HOCH2CO radical formed in step (1). 

(b) See Comments on Preferred Values. 

Preferred Values 

k 1.0 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
kl/k = OJ:m at 298 K. 

Reliability 
~log k = ± 0.3 at 298 K. 
~(kdk) = ±0.10 at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.2 The preferred 298 K rate coef
ficient is taken from the study of Niki et al.,l with the 
error limits increased accordingly. 

References 

lH. Niki, P. D. Maker, C. M. Savage, and M. D. Hurley, J. Phys. Chern. 
91,2174 (1987). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 

Rate coefficient data 

k Icm3 molecule -1 S-1 

Absolute Rate Coefficients 
(7.1 ± 1.6) X 10- 12 

Relative Rate Coefficients 
(1.72 ± 0.12) x 10- 11 

Reviews and Evaluations 
1.7 X 10- 11 

1.72 X 10- 11 

Comments 

Temp./K 

297 

298 ± 2 

298 
298 

(a) Flash photolysis system with resonance fluorescence 
detection of HO radicals. 

(b) Relative rate method. HO radicals generated by pho
tolysis of CH30NO-NO-air mixtures at atmospheric 
pressure. Relative decay rates of methylglyoxal and 
cyclohexane monitored in the presence of varying 
concentrations of HO radicals. Relative rate coeffi
cient placed on an absolute basis by use of k (HO + 
cyclohexane) = 7.49 x 10- 12 cm3 molecule- 1 S-I.4 

(e) See Comments on Preferred Values. 
(d) Based upon the relative rate coefficient of Plum 

et al.2 

Preferred Values 

k = 1.7 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~log k = ± 0.3 at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Kleindienst, Harris and Pitts, 19821 

Plum et al., 19832 

IUPAC, 19893 

Atkinson, 19894 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 
(d) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.3 The preferred 298 K rate coeffi
cient is based upon the data obtained by Plum et al.2 The 
absolute rate coefficient measured by Kleindienst et al. 1 

may have been low due to the presence of significant lev
els of low reactivity impurities in the methylglyoxal. A 
close to zero temperature dependence is expected at 
around room temperature. The reaction is assumed to 
proceed via H-atom abstraction to form H20 + 
CH3COCO. 

References 

IT. E. Kleindienst, G. W. Harris, and J. N. Pitts, Jr., Environ. Sci. Tech
nol. 16, 844 (1982). 

2c. N. Plum, E. Sanhueza, R. Atkinson, W. P. L. Carter, and J. N. Pitts, 
Jr., Environ. Sci. Techno!' 17, 479 (1983). 

:JIUPAC, Supplement III, 1989 (see references in Introduction). 
4R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
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\11" = -87.8 kJ'rnol- 1 

Rate coefficient data 

Iho/ule Rale Coefficients 
1.7 x 10- 12 exp[ -(600 ± 75)/T] 
(2.16 ± 0.16) x 10- 13 

I\dalive Rale Coefficients 
~ 5 x 10- 13 

(6.3 ± 0.9) X 10- 13 

(2.7 ± 0.8) x lO-13 

lil"l'iews and Evuiuutiun:J 
1.7 X 10- 12 exp( -6oo/T) 
2.13 x lO-111 T]. exp(53/T) 

Comments 

Ternp./K 

240-440 
296 

300 
298 
303 ± 2 

240-440 
240-440 

(a) Flash photolysis system with resonance fluorescence 
detection of HO radicals .. 

(b) Relative rate method. HO radicals generated by pho
tolysis of HONO-air mixtures at atmospheric pres
sure. Relative decay rate of CH3COCH3 measured 
relative to those for ethene and toluene. Due to pho
tolysis of CH3COCH3, the measured decay rate is an 
upper limit to that due to HO radical reaction. 

(c) Relative rate method. HO radicals generated by pho
tolysis of organic-NO-air mixtures at atmospheric 
pressure. Relative decay rates of CH3COCH3 and n
hexane measured, and rate coefficient placed on an 
absolute basis by use of k(HO + n-hexane) = 
5.61 x 10- 12 cm3 molecule- 1 S-I.6 

(d) Relative rate method. HO radicals generated by pho
tolysis of HONO-air mixtures at atmospheric pres
sure. Decay rate of CH3COCH3 measured relative to 
that for ethcne, with account being taken of th~ COIl

current photolysis of CH3COCH3. Rate coefficient 
placed on an absolute basis by use of k (HO + 
ethene) = 8.32 x 10- 12 cm3 molecule- 1 S-I.6 

(e) See Comments on Preferred Values. 
(f) Derived from the absolute rate coefficients of 

Wallington and Kurylol and Zetzsch (unpublished 
data, 1982) and the relative rate coetlicient of Kerr 
and Stocker,4 using the expression 

k -= CT2 exp( -DIT). 

Reference 

Wallington and Kurylo, 19871 

Cox, Derwent and Williams, 19802 

Chiorboli el 01., 19833 

Kerr and Stocker, 19864 

IUPAC, 19895 

Atkinson, 19896 

Preferred Values 

Comments 

(a) 

(b) 
(c) 
(d) 

(e) 
(t) 

k = 2.3 X 10- 13 cm3 molecu)e- I S-1 at 298 K. 
k = 1.7 x 10 -12 exp( - 600fT) cm3 molecule -I s -lover 

the temperature range 240-440 K. 

Reliability 
Alog k = ± 0.2 at 298 K. 
A (EfR ) = ± 300 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.5 The preferred rate coefficient is 
based on the absolute study of Wallington and Kurylo, l 

which is in good agreement with the relative rate coeffi
cient of Kerr and Stocker4 and consistent with that of Cox 
et al. 2 The higher rate coefficient reported by Chiorboli 
et al.3 could be due to photolysis of CH3COCH3, which 
was not taken into account. 

References 

IT. 1. Wallington and M. 1. Kurylo, 1. Phys. Chern. 91, 5050 (1987). 
2R. A. Cox, R. G. Derwent, and M. R. Williams, Environ. Sci. Techno!. 

14, 57 (1980). 
3c. Chiorboli, C. A. Bignozzi, A. Maldotti, P. F. Giardini. A. Rossi. and 

V. Carassiti, Int. 1. Chern. Kinet. 15,579 (1983). 
4J. A. Kerr and D. W. Stocker, J. Atmos. Chern. 4, 253 (1986). 
5IUPAC. Supplement III, 1989 (see references in Introduction). 
6R. Atkinson, 1. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
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HO + CH30H ~ H20 + CH20H (1) 

~ H20 + CH30 (2) 

Mr(l) = -105.4 kJ'mol- 1 

M[°(2) = - 61.9 kJ'mol- 1 

Rate coefficient data (k = k, + k2) 

Absolute Rate Coefficients 
(8.8 ± 1.8) x 10- 13 

(1.01 ± 0.10) x 10- 12 

5.89 X 10-20 T265 exp(444/T) 
9.42 x 10- 13 

(9.0 ± 0.9) x 10- 13 

Relative Ratc Coefficients 
(1.00 ± 0.23) x 10- 12 

Branching Ratios 
kJk ~ O.IS :!:: 0.08 

Reviews and Evaluations 
9.1 X 10- 12 exp( -690fT) 
6.39 ~ to- 18 T2 exp(148/T) 
6.7 X 10- 12 exp( -6oo/T) 

Comments 

Temp./K 

298 
298 ± 2 
294-866 
298 
298 ± 2 

298 ± 2 

298 :!: 2 

240-1000 
240-866 
240-400 

(a) HO radicals generated by pulsed radiolysis of 
Ar-CH30H mixtures at 750 Torr total pressure. HO 
radicals monitored by UV absorption at 309 nm and 
HO radical decay rates measured in the presence of 
excess CH30H. 

(b) Determined using a discharge flow system with LIF 
detection of HO radicals. 

(c) HO radicals produced by the reaction of OeD) 
atoms, generated from the pulsed laser photolysis of 
N20, with H20. HO radicals monitored by LIF detec
tion. 

(d) HO radicals generated by pulsed radiolysis of 
Ar-H20 mixtures at 1 atmosphere total pressure. HO 
radicals monitored by UV absorption at 309 nm. 

(e) Relative rate method. 110 radicals generated by pho
tolysis of CH30NO-NO-air mixtures, and methanol 
and cyclohexane concentrations monitored by gas 
chromatography. Rate constant ratio placed on an 
absolute basis by use of k(HO + cyclohexane) = 
7.49 x 10-12 cm3 molecule- 1 S-I.6 

(t) Derived from measurements at 298 ± 2 K of the rate 
coefficients for the reactions of the HO radical with 
CH30H, CD30H and CD30H and of the DO radical 
with CH30H, CH30D, CD30H and CD30D, assum
ing that secondary kinetic isotope effects are negligi
ble. 

(g) The 298 K rate coefficient was based upon the room 
temperature absolute rate coefficients of Overend 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Pagsberg et 01., 19881 (a) 
McCaulley et 01., 19892 (b) 
Hess and Tully, 19893 (c) 

Nelson et 01., 19904 (d) 

Nelson et 01., 19904 (e) 

McCaulley ct oJ., 19892 (f) 

IUPAC, 19895 (g) 
Atkinson, 19896 (h) 
NASA,19907 (i) 

and Paraskevopoulos,8 Ravishankara and Davis,9 

Hage1e et al., 10 Meier et al., 11 Greenhill and 
O'Gradyl2 and Wallington and Kurylo13 and the rela
tive rate coefficients of Barnes et al.14 and Tuazon 
et al. 15 The temperature dependence was the average 
of those reported from the absolute rate coefficient 
studies,IO-13 with the A factor being adjusted to yield 
the 298 K value. 

(h) Derived from the absolute rate coefficients of 
Overend and Paraskevopoulos,8 Ravishankara and 
Davis,9 Wallington and Kurylo13 and Hess and Tullf 
and the relative rate coefficient of Tuazon et al., 15 

using the three parameter equation k = CT2 

exp( -DfT). 
(i) The 298 K rate coefficient was the average of the ab

solute rate coefficients of Overend and Paraskevo
poulos,8 Ravishankara and Davis,9 IHigelc et al.,10 

Meier et al., 11 Greenhill and O'Grady,12 Wallington 
and Kurylo13 and Hess and Tully? The temperature 
dependence was derived from those reported by 
Greenhill and O'Grady12 and Wallington and 
Kurylo. 13 

Preferred Values 

k = 9.2 X 10- 13 cm3 molecu)e- 1 S-1 at 298 K. 
k = 3.3 X 10- 12 exp( -380fT) cm3 molecule- 1 S-1 over 

the temperature range 240-300 K. 
kJk = 0.15 at 298 K. 
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h't'lllIbility 
~Iog k = ±O.lS at 298 K. 
!1(EIR) = ±200 K. 
~kJk = ± 0.10 at 298 K. 

( 'tJlIlments on Preferred Values 
The preferred rate coefficient is obtained by fitting the 

. dl,>olute rate coefficients of Overend and Paraskevopou
I(l:-',X Ravishankara and Davis,9 Wallington and Kurylo,13 
r-.1cCaul1y et al.,2 Hess and Tul1~ and Nelson et al.4 and 
,lit: relative rate coefficient of Tuazon et al. ls to the three 
p.lrameter expression k = CT2 exp( - D IT). This results 
III k = 6.37 X 10-H! T2 exp(lSOIT) cm3 molecule- l S-l 
(lvcr the temperature range 240-866 K. The preferred 
Arrhenius expression, k = A exp( - BIT), is centered at 
'()j K, and is derived from the three parameter equation 
with A C e2T2 and B = D + 2T. The kinetic2 and 
productlO,ll studies show that the reaction proceeds 
mainly by step (1) at room temperature, as expected from 
t he thermochemistry of the reaction steps (1) and (2). 

References 

IP. Pagsberg, J. Munk, A. Sillesen, and C. Anastasi, Chern. Phys. Lett. 
146, 375 (1988). 

2J. A. McCaulley, N. Kelly, M. F. Golde, and F. Kaufman, J. Phys. 
Chern. 93, 1014 (1989). 

3W. P. Hess and F. P. Tully, J. Phys. Chern. 93, 1944 (1989). 
4L. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, 1. Treacy, and O. 
J. Nielsen, Int. J. Chern. Kinet. 22,1111 (1990) . 

5IUPAC, Supplement III, 1989 (see references in Introduction). 
fiR. Atkinson, 1. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
7NASA Evaluation No.9, 1990 (see references in Introduction). 
!!R. Overend and G. Paraskevopoulos, J. Phys. Chern. 82, 1329 (1978). 
9A. R. Ravishankara and D. D. Davis, 1. Phys. Chern. 82, 2852 (1978). 
101. Hagele, K. Lorenz, D. Rhasa, and R. Zellner, BeT. Bunsenges Phys. 
Chern. 87, 1023 (1983). 

IIU. Meier, H. H. Grotheer, and Th. Just, Chern. Phys. Lett. 106, 97 
(1984). 

lZP. G. Greenhill and tl. V. U'Urady, Aust. J. Chern. 39, 1775 (IY~6). 
13T. 1. Wallington and M. 1. Kurylo, Int. 1. Chern. Kinet.19, 1015 (1987). 
141. Barnes, V. Bastian, K. H. Becker, E. H. Fink, and F. Zabel, Atmos. 
Environ. 16, 54:') (1982). 

15E. C. Tuazon, W. P. L. Carter, R. Atkmson, and J. N. Pitts, Jr., Int. 
J. Chern. Kinet. 15, 619 (1983). 

HO + C2HsOH ~ H20 + CH2CH20H (1) 

~ H20 + CH3CHOH (2) 

~ H20 + CH3CH20 (3) 
t..HO(1) = -80 kJ'rnol- 1 

t..HO(2) = -109.9 kJ'mol- 1 

t..HO(3} = - 63.5 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 + k3) 

kfcrn3 molecule-I S-I Ternp.IK 

Absolute Rate Coefficients 
(3.26 ± 0.14) x 10- 12 293 
(3.33 ± 0.14) x 10- 12 326.5 
(3.63 ± 0.15) x 10- 12 380 
(3.94 ± 0.16) x 10- 12 441 
(3.32 ± 0.16) x 10- 12 295 
(5.47 ± 0.34) x 10- 12 599 
(3.04 ± 0.25) x 10- 12 298 ± 2 

Relative Rate Coefficients 
(3.46 ± 0.52) x 10- 12 298 ± 2 

Reviews and Evaluations 
9.3 X 10- 12 exp( -300/T) 250-450 
6.18 x 1O- 1!! T2 exp(532/T) 293-599 
6.8 x 10 -12 exp( - 225fT) 240-600 

Comments 

(a) HO radicals generated by pulsed laser photolysis of 
N20 to form OeD) atoms, with the OeD) atoms re
acting with H20. HO radicals detected by LIF. 

(b) Thermal decomposition of the HO l6CH2CH2 radical 
formed by H-atom abstraction from the -CH3 group 
to regenerate HO l6 radicals occurs at temperatures 
> 500 K, and hence the HO l6 rate coefficient data do 

Reference 

Hess and Tully, 19881 

Hess and Tully, 19&&1 

Nelson et al., 19902 

Nelson et ai., 19902 

IUPAC. 19893 

Atkinson, 19894 

NASA,19905 

Comments 

(a,b) 

(b,c) 

(d) 

(e) 

(f) 
o(g) 
(h) 

not yield the rate coefficient k = kl + k2 + k3 above 
- 500 K.. Since thermal decomposition of the 
HOl6CH2CH2 radical does not lead to regeneration 
of the HOll! radical, the HOIl! rate coefficient data 
yield the overall reaction rate coefficient, k = kl + 
k2 + k 3• 

(c) Rate coefficients for reaction of the Hall! radical. 
Hall! radicals generated from pulsed laser photolysis 
of H2

1l!O,with HOll! being detected by LIF. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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(d) HO radicals generated from pulsed radio lysis of that of Hess and Tully! r see comments (a-c) 1. The pre-
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Comments 

(a) HO radicals generated from the pulsed radiolysis of 
Ar-H20 mixtures at atmospheric pressure and de
tected by UV absorption at 309 nm. 

(b) Relative rate method. HO radicals generated by pho
tolysis of CH30NO-NO-air mixtures at atmospheric 
pressure. Decay rate of i -propanol measured relative 
to that for cyclohexane. The rate coefficient ratio 
measured was placed on an absolute basis by use of 
k(HO + cyclohexane) - 7.1J9 x 10- 12 cm3 

molecule- l S-I.3 

(c) The 298 K rate coefficient was derived from the aver
age of those of Overend and Paraskevopoulos4 and 
Wallington and Kurylo,5 combined with a zero tem
perature dependence.5 

(d) The absolute rate coefficients of Overend and 
Paraskevopoulos4 and Wa1lington and Kuryl05 were 
fitted to the three parameter expression k = CT2 

exp( -D/T). 

Preferred Values 

k = 5.7 X 10- 12 cm3 molecule- 1 S-l, independent of 
temperature over the range 240-440 K. 

Reliability 
~.log k = ± 0.2 at 298 K. 
Il(E/R) = ± 200 K. 

Comments on Preferred Values 
The preferred 298 K rate coefficient is the average of 

the room temperature absolute rate coefficients of 
Overend and Paraskevopoulos,4 Wallington and Kuryl05 
and Nelson et al. l and the relative rate coefficient of Nel
son et al. 1 The preferred rate coefficient is in agreement 
with the relative rate coefficients reported by Lloyd et al.6 

and Klopffer et al.' A zero temperature dependence is 
used, consistent with the data of Wallington and Kurylo.5 

References 

IT .. Ne.l~on, 0 R::Ittig:m, R. Ne::lvyn, H. Siof'hottom, J Tre::lCY, ::Ind 0 

J. Nielsen, Int. J. Chern. Kinet. 22, 1111 (1990). 
2IUPAC, ·Supplement III, 1989 (see references in Introduction). 
3R. Atkinson, 1. Phys. Chcrn. Ref. Data, Monograph 1, 1 (1989). 
4R. Overend and G. Paraskevopoulos, J. Phys. Chern. 82, 1329 (1978). 
sT. J. Wallington and M. J. Kurylo, Int. J. Chern. Kinet. 19, 1015 (1987). 
6A. C. Lloyd, K. R. Darnall, A. M. Winer, and J. N. Pitts, Jr., Chern. 

Phys. Lett. 42, 205 (1976). 
7W. K1opffer, R. Frank, E.-G. Kohl, and F. Haag, Chemiker-Zeitung 

110, 57 (1986). 

HO + CH3COCH20H ~ products 

Rate coefficient data 

k/cm3 rnolecule- I S-I 

Absolute Rate Coefficients 
(3.0 ± 0.3) x 10- 12 

Comments 

Temp.IK 

298 

(a) Flash photolysis system with resonance fluorescence 
detection of HO radicals. 

Preferred Values 

k = 3.0 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
Illog k = ± 0.3 at 298 K. 

Reference Comments 

Dagaut et ai., 19891 (a) 

Comments on Preferred Values 
Based on the sole study of Dagaut et al .• 1 with ex

panded uncertainty limits. 

References 

Ip. Dagaut, R. Liu, T. J. Wallington, and M. J. Kurylo, J. Phys. Chern. 
93, 7838 (1989). 
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HO + n-C3H70H ~ products 

Rate coefficient data 

Absolute Rate Coefficients 
(5.64 ± 0.48) x 10- 12 

Relative Rate Coefficients 
(5.50 ± 0.44) x 10- 12 

Reviews and Evaluations 
5.3 x 10- 12 

5.34 X 10- 12 

Comments 

Temp./K 

298 ± 2 

298 ± 2 

298 
298 

(a) HO radicals generated by pulsed radiolysis of 
Ar-H20 mixtures at 1 atmosphere total pressure and 
detected by UV absorption at 309 nm. 

(b) Relative rate method. HO radicals generated from 
the photolysis of CH30NO-NO-air mixtures. Rate 
coefficient measured relative to that for cyclohexane, 
and placed on an absolute basis by use ork (HO + 
cyclohexane) = 7.49 x 10- 12 cm3 molecule- I S-I.3 

(c) Average of the room temperature absolute rate coef
ficients of Overend and Paraskevopoulos4 and 
Wallington and Kurylo.s 

Preferred Values 

k = 5.5 X 10- 12 cm3 molecule-I S-I at 298 K. 

Reliability 
.:llog k = ± 0.2 at 298 K. 

Reference 

Nelson etal., 19901 

Nelson et al., 19901 

IUPAC, 19892 

Atkinson, 198!}' 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 
(c) 

The experimental technique of Campbell et al.6 was 
possibly prone to unrecognized problems,3 and hence this 
rate coefficient was not used in deriving the preferred 
values. The 298 K value is the mean of the absolute rate 
coefficients of Overend and Paraskevopoulos,4 Walling
ton and KuryloS and Nelson et al. 1 and the relative rate 
coefficient of Nelson et al. 1 

References 

lL. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and 0 , 
J. Nielsen, Int. J. Chern. Kinet. 22, 1111 (1990). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3R. Atkinson, J. Phys. Chern. Ref. Data, Monograph I, 1 (1989). 
4R. Overend and G. Paraskevopoulos, J. Phys. Chern. 82, 1329 (1976). 
ST. J.\Vallington and M. J. Kurylo, Int. J. Chern. Kinet. 19, 1015 (1987). 
61. M. Campbell, D. F. McLaughlin, and B. J. Handy, Chern. Phys. Lett. 
38, 362 (1976). 

HO + i-C3H70H ~ products 

Absolute Rate Coefficients 
(5.69 ± 1.09) x 10- 12 

Relative Rate Coefficients 
(5.78 ± 0.75) x 10- 12 

Reviews and Evaluations 
5.6 x 10- 12 

7.32 X 10- 18 T2 exp(620/T) 

Temp./K 

298 ± 2 

298 ± 2 

240-440 
240-440 

Rate coefficient data 

Reference 

Nelson et al ., 19901 

Nelson et al., 19901 

IUPAC, 19892 

Atkinson, 198!}' 

Comments 

(a) 

(b) 

(c) 
(d) 

.1. Phv ... ~hAm. RAf. DAtA. Vol. 21. NO.6. 1QQ2 

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek



1236 ATKINSON ET AL. 

Comments 

(a) HO radicals generated from the pulsed radiolysis of 
Ar-H20 mixtures at atmospheric pressure and de-
tected by UV absorption at 309 nm. . 

(b) Relative rate method. HO radicals generatedbypho
tolysis of CH30NO-N0-air mixtures at atmospheric 
pressure. Decay rate of i -propanol measured relative 
to that for cyclohexane. The rate coefficient ratio 
measured was placed on an absolute basis by use of 
k(HO + cyclohexane) = 7.49 x 10- 12 cm3 

molecule- I S-I.3 

(c) The 298 K rate coefficient was derived from the aver
age of those of Overend and Paraskevopoulos4 and 
Wallington and Kurylo,5 combined with a zero tem
perature dependence.5 

(d) The absolute rate coefficients of Overend and 
Paraskevopoulos4 and Wallington and Kuryl05 were 
fitted to the three parameter expression k = CT2 

exp( -D/T).· 

Preferred Values 

k = 5.7 X 10- 12 cm3 molecule- I S-I, independent of 
temperature over the range 240-440 K. 

Reliability 
~log k = ± 0.2 at 298 K. 
~(E/R) = ±200 K. 

Comments on Preferred Values 
The preferred 298 K rate coefficient is the average of 

the room temperature absolute rate coefficients of 
Overend and Paraskevopoulos,4 Wallington and Kuryl05 
and Nelson et al. 1 and the relative rate coefficient of Nel
son et al. l The preferred rate coefficient is in agreement 
with the relative rate coefficients reported by Lloyd et al.6 

and Kl6pffer et al.7 A zero temperature dependence is 
used, consistent with the data of Wallington and Kurylo.s 

References 

IL. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. 
J . Nielsen, Int. J. Chern. Kinet . 22, 1111 (1990). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
4R. Overend and G. Paraskevopoulos, J. Phys. Chern. 82, 1329 (1978). 
ST. J. Wallington and M. J. Kurylo, Int. J. Chern. Kinet. 19, 1015 (1987). 
6A. C. Lloyd, K. R. Darnall, A. M. Winer, and J. N. Pitts, Jr., Chern. 

Phys. Lett. 42, 205 (1976). 
7W. K1opffer, R. Frank, E.-G. Kohl, and F. Haag, Chemiker-Zeitung 
no, 57 (1986). 

HO + CH3COCH20H ~ products 

.Rate coefficient data 

Absolute Rate Coefficients 
(3.0 :t 0.3) x 10- 12 

Comments 

Temp./K 

298 

(a) Flash photolysis system with resonance fluorescence 
detection of HO radicals. 

Preferred Values 

k = 3.0 X 10- 12 cm3 molecule- l S-1 at 298 K. 

Reliability 
~log k = ± 0.3 at 298 K. 

Reference Comments 

Dagaut et al., 19891 (a) 

Comments on Preferred Values 
Based on the sole study of Dagaut et al., 1 with ex

panded uncertainty limits. 

References 

1P. Dagaut, R. Liu, T. J. Wallington, and M. J. Kurylo, J. Phys. Chern. 
93, 7838 (1989) . . 
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HO + CH300H ~ H20 + CH200H (1) 

~ H20 + CH300 (2) 

./1 (2) = -140 kJ'moI- 1 

Rate coefficient data (k = k, + k2 ) 

i .111\ molecule- 1 S-l Temp./K 

iI'III/lIte Rate Coefficients 
II)J X 10- 12 exp[(190 ± 14)/T] 223-423 
',')4 x 10- 12 298 

I., = 1.78 X 10- 12 exp[(220 ± 21)/T] 203-348 
I., = (3.85 ± 0.23) x 10- 12 298 

,,, \'/cws and Evaluations 
1 1 x 10- 11 298 
,~93 x 10 -12 exp(190/T) 223-423 
18 X 10- 12 exp(200IT) 203-423 

Comments 

(.1) HOlfi, H01S and DO radicals generated by flash or 
pulsed laser photolysis of the precursors: for HO I6; 
CH300H, H ZO I6, 03iHzOI6; for HOI8; HZO IS, 0 3/ 
HZO I8; and for DO; D 20, 03/D20, 03/D2, and were 
monitored by LIF. Rate coefficients kl + k2 obtained 
from measurements of the decay rates of HOls and 
DO radicals in the presence of excess CH300H. 
Rate coefficients k2 were obtained from the decay 
rates of HOl6 radicals in the presence of CH300H. 
The CH200H radical formed in reaction channel (1) 
rapidly decomposes to HO + HCHO, and hence the 
use of HOl6 allows only the rate coefficient k2 to be 
measured. 

(b) Based on the relative rate coefficient measured by 
Niki et al.s 

(c) Based on the absolute rate coefficient study of 
Vaghjiani and Ravishankara. 1 

(d) The 298 K rate coefficient was the average of those 
of Niki et al.s and Vaghjiani and Ravishankara. 1 The 
temperature dependence was that measured by 
Yaghjiani and Kavlshankara. 1 

Reference Comments 

Vaghjiani and Ravishankara, 19891 (a) 

Vaghjiani and Ravishankara, 19891 (a) 

IUPAC, 19892 (b) 
Atkinson, 19893 (c) 
NASA,19904 (d) 

Preferred Values 

k = 5.5 X 10- 12 cm3 molecule- I S-l at 298 K. 
k = 2.9 X 10- IZ exp(190/T) cm3 molecule- l S-I over 

the temperature range 220-430 K. 
kdk = 0.35 over the temperature range 220-430 K. 

Reliability 
6.log k = ± 0.2 at 298 K. 
6.(E/R) = ± 150 K. 
6.(kdk) = ± 0.15 at 298 K. 

Comments on PrefelTed Values 
The preferred values are those of Vaghjiani and Ravis

hankara. 1 The preferred branching ratio, also taken from 
the absolute rate coefficient study of Vaghjiani and Rav
ish ankara, I is in good agreement with the earlier mea
surement of Niki et al.s 

References 

IG. L. Vaghjiani and A. R. Ravishankara, J. Phys. Chern. 93, 1948 
(1989). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys. 

Chern. 87, 2190 (1983). 
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HO + HCOOH ~ products 

Rate coefficient data 

k tcmJ molecule - 1 S - 1 

Absolute Rate Coefficients 
2.91 X 10- 13 exp[(102 ± 194)/T] 
(4.47 ± 0.28) x 10- 13 

Reviews and Evaluations 
4.8 X 10- 13 

4.5 X 10- 13 

Comments 

Temp./K 

297-445 
297 

290-430 
296-445 

(a) HO radicals generated by pulsed laser photolysis of 
HCOOH at 222 nm, and detected by UV absorption 
at 308.2 nm. 

(b) The average of the room temperature data of Wine 
et al.4 and Jolly et al.5 was used to derive the pre
ferred 298 K value. The temperature dependence of 
the rate coefficient was taken to be zero, in agree
ment with the data of Wine et al.4 

(c) Derived from a unit-weighted average of the absolute 
rate coefficients of Wine et al.,4 Jolly et al.5 and Sin
gleton et al.1 The data of Wine et al.4 and Singleton 
et al. 1 show no evidence for a temperature depen
dence of the rate coefficient, within the experimental 
uncertainties. 

Preferred Values 

k = 4.5 X 10- 13 cm3 molecule- 1 S-I, independent of 
temperature over the range 290-450 K. 

Reliability 
~log k = ±0.15 at 298 K. 
~(E/R) = ± 250 K. 

Comments on Preferred Values 
A major problem with the determination of the rate co

efficient for this reaction concerns the ready dimerization 
of HCOOH. The studies of Wine et al.,4 Jolly et al.5 and 
Singleton et al.1 monitored formic acid in the experimen
tal systems used by UV absorption spectroscopy. The 
data from these studiesl

,4,5 agree well, and are in reason
able agreement with the room temperature rate coeffi
cient of Dagaut et al.6 The data of Wine et al.4 and 
Singleton et al.1 show that the temperature dependence 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Singleton et aI., 19881 

IUPAC, 19892 

Atkinson, 19893 

Comments 

(a) 

(b) 
(c) 

of the rate coefficient is zero within the experimental un
certainties. The average of the rate coefficient data of . 
Wine et al.,4 Jolly et al.5 and Singleton et al. l has been 
used to derive the preferred rate coefficient. 

Recent studies of Wine et al.4 and Jolly et al.s showed 
that H atoms are produced in this reaction, with a yield 
of 0.75 ± 0.25.4 Furthermore, Wine et al.4 and Singleton 
et al. 1 showed that within the experimental uncertainties 
the rate coefficient for the reaction of the 110 radical 
with DCOOH is identical to that for HCOOH at 298 K. 
Also, the room temperature rate coefficients for the reac
tions of the DO radical with HCOOO and DCOOO are 
significantly lower than those for the reactions of the HO 
radical with HCOOH and DCOOH.I This reaction then 
appears to proceed by 

OH + HC(O)OH ~H20 + HC02 
J, 

H + CO2 

with abstraction of the H (or D) atom from the-OH (or 
-00) group being the major pathway at room tempera
ture. 

References 

ID. L.Singleton, O. Paraskevopoulos, R. S. Irwin, O. S. Jolly, and D. J. 
McKenney, J. Am. Chern. Soc. 110, 7786 (1988). 

1IUPAC, Supplement III (sec references in Introduction). 

3R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
4P. H. Wine, R. J. Astalos, and R. L. Mauldin, III, J. Phys. Chern. 89, 
2620 (1985). 

50. S. Jolly, D. J. McKenney, D. L. Singleton, G. f'araskcvopoulos, and 
A. R. Bossard, J. Phys. Chern. 90, 6557 (1986). 

6P. Dagaut, T. J. Wallington, R. Liu, and M. J. Kurylo, Int. J. Chern. 
Kinet. 20, 331 (1988). 



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 1239 

HO + CH3COOH ~ products 

Rate coefficient data 

I- it 1111 molecule-I S-I 

1/tlOlute Rate Coefficients 
(H.67 :!: 0.65) x 10- 13 

(5.63 :!: 0.44) x 10- 13 

(4.88 :!: 0.17) x 10- 13 

(4.09 :!: 0.14) x 10- 13 

(J.95 :!: 0.07) x 10- 13 

/\,'\'/ews and Evaluations 
1.3 x 10- 12 exp( -170/T) 

Comments 

Temp./K 

296.8 
326.2 
356.4 
396.8 
446.2 

290-440 

(a) HO radicals generated by the pulsed laser photolysis 
of CH3COOH at 222 nm, and detected by UV ab
sorption at 308.2 nm. 

(b) Based on the absolute rate coefficient study of Da
gaut et al.3 

Preferred Values 

k = 8 X 10- 13 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
dJog k = ± 0.3 at 298 K. 

Comments on Preferred Values 
At 298 K, the rate coefficients of Dagaut et al.3 and 

Singleton et a/. 1 are in reasonable agreement. However, 
at temperatures above 298 K, Dagaut et al.3 observed the 
rate coefficient to increase with increasing temperature, 
while Singleton et a/. 1 observed the rate coefficient to de-

Reference Comments 

Singleton, Paraskevopoulos, and Irwin, 19891 (a) 

IUPAC, 19892 (b) 

crease in a non-Arrhenius manner with increasing tem
perature. At 400-440 K, the rate coefficients of Dagaut 
et al.3 and Singleton et al.1 disagree by a factor of 2.2. 

The preferred 298 K rate coefficient is an average of 
the data of Dagaut et al.3 and Singleton et a/.1 No recom
mendation is made regarding the temperature depen
dence. The rate coefficient data of Singleton et al.1 for 
the reactions of the HO radical with CH3COOH, 
CD3COOH and CD3COOD indicate that at room tem
perature the major reaction channel involves H atom ab
straction from the -OH bond: 

References 

ID. L. Singleton, G. Paraskevopoulos, and R. S. Irwin, 1. Am. Chern. 
Soc. Ill, 5248 (1989). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3p'. Dagaut, T. 1. Wallington, R. Liu, and M. 1. Kurylo, Int. J. Chern. 

Kinet. 20, 331 (1988). 

HO + CH30N02 ~ products 

Absolute Rate Coefficients 
(3.4 :!: 0.4) x 10- 14 

8.8 X 10- 15 exp[(1050 :!: 180)/T] 
(3.2 :!: 0.5) x 10- 13 

Relative Rate Coefficients 
(3.8 :!: 1.0) x 10- 13 

(3.4 :!: 0.7) x 10- 13 

Temp./K 

298 
298-393 
298 :!: 2 

303 :!: 2 
298:!: 2 

Rate .coefflclent data 

Reference 

Gaffney et 01., 19861 

Nielsen et 01., 19912 

Kerr and Stocker, 19863 

Nielsen et 01., 1991 2 

Comments 

(a) 
(b) 

(c) 
(d) 
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Comments 

(a) Discharge flow system with resonance fluorescence 
detection of HO radicals. 

(b) HO radicals generated by pulsed radiolysis of 
HzO-Ar mixtures at 1 bar total pressure, and de
tected by UV absorption at 309 nm. 

(c) Relative rate method. HO radicals generated from 
the photolysis of HONO-air mixtures at atmospheric 
pressure. Relative decay rates of methyl nitrate and 
ethene measured, and the rate coefficient ratio 
placed on an absolute basis by use of k (HO + 
ethene) = 8.32 x 10- 12 cm3 molecule- 1 S-I.4 

(d) Relative rate method. HO radicals generated by the 
photolysis of CH30NO-NO-air mixtures at 730-750 
Torr total pressure. The decays of CH30N02 and 
(CH3)3CH measured by GC. The rate coefficient ra
tio was placed on an absolute basis by use of 
k(HO + (CH3)3CH) 2.34 x 10-12 cm3 

molcculc- 1 5- 1•4 

Preferred Values 

k = 3.5 X 10- 13 cm3 molecule- 1 S-1 at 298 K and 1 bar. 
k = 1.0 X 10- 14 exp(1060/T) cm3 molecule- 1 

S-1 over 
the temperature range 290-400 K at 1 bar. 

Reliability 
Alog k = ±0.10 at 298 K (1 bar). 
/l(E/R) = ±500 K. 

Comments on Preferred Values 
At room temperature, the absolute and relative rate 

coefficients of Nielsen et al.z and Kerr and Stocker 

measured at 1 bar pressure are in good agreement, but 
are an order of magnitude higher than the rate coeffi
cient measured by Gaffney et a/. I at 0.003-0.004 bar pres
sure. This may indicate that the rate coefficient is 
pressure dependent and hence that the reaction proceeds 
by H-atom abstraction and OH radical addition (and by 
- 90% OH radical addition at 298 K and 1 bar). This con
clusion is supported by the negative temperature depen
dence.2 The preferred 298 K rate coefficient at 1 bar 
pressure is the average of the rate coefficients of Nielsen 
et al.2 and Kerr and Stocker (note that formation of 
CH30NOz in the photolysis of CH30NO-NG-air mix
tures could have lead to a low measured rate coefficient 
in the relative rate coefficient study of Nielsen et al.,2 al
though the agreement of this relative rate coefficientl 
with the absolute rate coefficient of Nielsen et al.2 and 
the relative rate coefficient of Kerr and Stocker3 suggests 
that any such formation of CH30N02 was small). The 
temperature dependence is derived from the absolute 
rate coefficient data of Nielsen et al.,2 and is applicable 
only at 1 bar pressure. 

References 

1J. S. Gaffney, R. Fajer, G. I. Senum, and J. H. Lee, Int. J. Chern. Kinet. 
18, 399 (1986). 

20. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chern. 
Phys. Lett. 178, 163 (1991). 

3J. A. Kerr and D. W. Stocker, J. Atmos. Chern. 4, 253 (1986). 
4R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 

Rate coefficient data 

k/crn3 rnolecule- 1 S-1 Ternp./K 

Absolute Rate Coefficients 
4.7 x 10- 104 exp[(716 ± 138)/T] 298-373 
(5.3 ± 0.6) X 10- 13 298 ± 2 

Relative Rate Coefficients 
(4.9 :!: 2.1) x 1013 303 ::!: 2 

(4.6 ± 0.3) x 10- 13 298:!: 2 

Comments 

(a) HO radicals generated by pulsed radiolysis of 
H20-Ar mixtures at atmospheric pressure, and de
tected by UV absorption at 309 nm. 

(b) Relative rate method. HO radicals generated by pho
tolysis of HONG-air mixtures at atmospheric pres
sure. Decay rates of ethyl nitrate and ethene 
measured and the rate coefficient ratio placed on an 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Nielsen et al., I YYP (a) 

Kerr and Stocker, 19862 (b) 
Nielsen et al., 1991 1 (c) 

absolute basis by use of k (HO + ethene) = 8.32 X 

10- 12 cm3 molecule- I S-I.3 

(c) Relative rate method. HO radicals generated by pho
tolysis of CH30NO-NO-air mixtures at atmospheric 
pressure. Decays of ethyl nitrate and 2-methyl
propane measured by GC, and the rate coefficient 
ratio placed on an absolute basis by use of k (HO + 
2-methylpropane) = 2.34 x 10- 12 cm3 molecule- I 

S-I.3 
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Preferred Values 

/.. = 4.9 X 10-13 cm3 molecule- I 
S-I at 298 K and i bar. 

/.. = 4.4 X 10- 14 exp(720/T) cm3 molecule- I 
S-1 over 

Ille temperature range 290--380 K at 1 bar. 

lil'lwbility 
L\)og k = ±0.15 at 298 K (1 bar). 
L\(E/R) = ±500 K (1 bar). 

( '( nnments on Preferred Values 
The absolute and relative rate coefficients of Kerr and 

\Iocker and Nielsen et al.I are in good agreement at 
II lorn temperature. All three rate coefficients have been 

determined at -1 bar pressure, and it is possible that the 
rate coefficient is pressure dependent at low total pres
sures. The preferred 298 K rate coefficient is the average 
of those determined by Kerr and Stocker2 and Nelson 
et al. 1 The preferred temperature dependence is that of 
Nielsen et al. 1 The preferred values are applicable to 1 
bar pressure. 

References 

10. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chern. 
Phys. Lett. 178, 163 (1991). 

2J. A. Kerr and D. W. Stocker, J. Atmos. Chern. 4, 253 (1986). 
3R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989) 

Rate coefficient data 

I.. lern3 molecule - 1 s - 1 Temp.IK 

lbsolute Rate Coefficients 
5.0 x 10- 13 exp[(140 :t 144)/T] 298-368 
(8.2 :t 0.8) x 10- 13 298 :t 2 

Relative Rate Coefficients 
(7.2 :t 2.3) x 10- 13 303 :t 2 
(6.2 :t 1.0) x 10- 13 298 :t 2 
(7.7 :t 0.8) x 10- 13 298 :t 2 

Comments 

(a) HO radicals generated by the pulsed radiolysis of 
H20-Ar mixtures at atmospheric pressure, and de
tected by UV absorption at 309 nm. 

(b) Relative rate method. HO radicals generated by the 
photolysis of HONO-air mixtures at atmospheric 
pressure. Decay rates of n -propyl nitrate and ethene 
measured, and rate coefficient ratio placed on an ab
solute basis by use of k (HO + ethene) = 8.32 X 

10- 12 cm3 molecule- 1 S-I.4 

(c) Relative rate method. HO radicals generated by the 
photolysis uf CH30NO-NO-air mixturt;s at atmu
spheric pressure. Decays of n -propyl nitrate and cy
clohexane measured, and rate coefficient ratio 
placed on an absolute basis by use of k (HO + cyc1o
hexane) = 7.49 x 10- 12 cm3 molecule- 1 S-I.4 

(d) Relative rate method. HO radicals generated by the 
photolysis of CH30NO-NO-air mixtures at atmo
spheric pressure. Decays of n -propyl nitrate and 2-
methylpropane measured by GC and the rate 
coefficient ratio placed on an absolute basis by use of 
k(HO + 2-methylpropane) = 2.34 x 10- 12 cm3 

molecule- 1 S-1.4 

Reference Comments 

Nielsen et al., 1991 1 (a) 

Kerr and Stocker, 19862 (b) 
Atkinson and Aschmann, 19893 (c) 
Nielsen et aI., 1991 J (d) 

Preferred Values 

k = 7.3 X 10- 13 cm3 molecule- 1 s-1, independent of 
temperature over the range 290-370 K (1 bar). 

Reliability 
Alog k = ±0.15 at 298 K (1 bar). 
A(E/R) = ±500 K (1 bar). 

Comments on Preferred Values 
The absolute and relative rate coefficients of Kerr and 

Stocker,2 Atkinson and Aschmann3 and Nielsen et al.1 are 
in rt;asunabk agn:t;mt;nt at ruum temperature. All stud
ies have been carried out at -1 bar pressure. The reac
tion may proceed by H-atom abstraction and OH radical 
addition, and the rate coefficient may be pressure depen
dent at low total pressures. The preferred 298 K rate co
efficient is the average of those measured by Kerr and 
Stocker,2 Atkinson and Aschmann3 and Nielsen et al.1 A 
zero temperature dependence is assumed, consistent with 
the data of Nielsen et al. 1 The preferred rate coefficients 
are applicable to 1 bar pressure. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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References 

10. J. Nielsen, H. W. Sidebottom, M. Donlan, and J. Treacy, Chern. 
Phys. Lett. 178, 163 (1991). 

2J. A. Kerr and D. W. Stocker, J. Atmos. Chern. 4,253 (1986). 
3R. Atkinson and S. M. Aschrnann, Int. J. Chern. Kinet. 21,1123 (1989). 
4R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 

Rate coefficient data 

k/cm3 molecule- 1 S-1 Temp./K Reference Comments 

Relative Rate Coefficients 
(1.8 ± 0.5) X 10- 13 

(5.7 ± 2.3) X 10- 13 

(4.1 ± O.n) )( 10- 13 

299 :t 2 
295 :t 2 
298 ± 2 

Atkinson et al., 19821 (a) 
(b) 
(c) 

Becker and Wirtz, 19892 

Atkinson and Aschmann, 19893 

Comments 

(a) Relative rate method. HO radicals generated from 
the photolysis of CH30NO-NO-air mixtures at at
mospheric pressure. Decay rates of isopropyl nitrate 
and cycIohexane measured, and rate coefficient ratio 
placed on an absolute basis by use of k(HO + cyclo
hexane) = 7.51 x 10- 12 cm3 molecule- t S-I.4 

(b) Relative rate method. HO radicals generated by pho
tolysis of CH30NO-NO-air mixtures at 1 bar. Decay 
rates of isopropyl nitrate and n -butane measured, 
and the rate coefficient ratio placed on an absolute 
basis by use of k(HO + n-butane) = 2.48 x 10- 12 

cm3 molecule- 1 S-1.4 

(c) Relative rate method. HO radicals generated by pho
tolysis of CH30NO-NO-air mixtures at atmospheric 
pressure. Decays of isopropyl nitrate and cycIohex
ane measured, and the rate coefficient ratio placed 
on an absolute baSIS by use ot k(HU + cyclohexane) 
= 7.49 x 10- 12 cm3 molecule- 1 S-I.4 

Preferred Values 

k = 4.9 X 10- 13 cm3 molecule- 1 S-1 at 298 K and 1 bar. 

Reliability 
alog k = :!: 0.25 at 298 K (1 bar). 

Comments on Preferred Values 
The study of Atkinson and Aschmann,3 carried out in 

a 6400 liter reaction chamber, supersedes the earlier 
study of Atkinson et al.1 carried out in a 50 liter chamber 
and in which wall losses were concluded (probably erro
neously) to have occurred. The relative rate coetficients 
of Becker and Wirtz2 and Atkinson and Aschmann3 are in 
reasonable agreement. The preferred 298 K rate coeffi
cient is the average of those of Becker and Wirtz2 and 
Atkinson and Aschmann.3 As for the other alkyl nitrates, 
this reaction may proceed by H-atom abstraction and OH 
radical addition, and the preferred rate coefficient is ap
plicable to 1 bar pressure. 

References 

JR. Atkinson, S. M. Aschrnann, W. P. L. Carter, and A. M. Winer, Int. 
J. Chern. Kinct. 14, 919 (1982). 

2K. H. Becker and K. Wirtz, J. Atrnos. Chern. 9,419 (1989). 
3R. Atkinson Dnd S. M. Aschmnnn, Int. J. Chem. Kinet. 21,1123 (1 QfN) 
4R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 

Rate coefficient data 

Coefficients 
(7.5 ± 1.4 ) X 10- 14 

Reviews and Evaluations 
1.2 x 10- 12 exp( - 650)IT 

Ternp./K 

298 

270-300 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Tsalkani et al., 19881 (a) 

IUP AC, 19892 (b) 
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Comments 

[ I) Discharge flow system with resonance fluorescence 
detection of HO radicals. 

[ I)) Based upon the absolute rate coefficient study of 
Wallington et al.3 

Preferred Values 

k = 1.1 X 10- 13 cm3 molecule- 1 S-1 at 298 K. 
J.. = 9.5 X 10- 13 exp( - 650fT) cm3 molecule -I s -lover 

I ill' temperature range 270-300 K. 

lit'liability 
~log k = ± 0.2 at 298 K. 
~(E/R) = ±400 K. 

Comments on Preferred Values 
The 298 K preferred value is the average of the room 

temperature rate coefficients of Wallington et al.3 and 
Tsalkani et al., 1 both of which are consistent with the up
per limit to the rate coefficient previously determined by 
Winer et al.4 The temperature dependence is that re
ported by Wallington et al.3 The reaction is expected to 
proceed via H-atom abstraction from the C-H bonds to 
yield H20 + CH2C03N02. 

References 

IN. Tsalkani, A. Mellouki, G. Poulet, G. Toupance, and G. Le Bras, J. 
Atmos. Chern. 7, 409 (1988). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3T. J. Wallington, R. Atkinson, and A. M. Winer, Geophys. Res. Lett. 

II, 1:l61 (IYI:l4). 
4A. M. Winer, A. C. Lloyd, K. R. Darnall, R. Atkinson, and J. N. Pitts, 
Jr., Chern. Phys. Lett. 51, 221 (1977). 

HO + HeN -"? products 

Rate coefficient data 

f.. lem3 molecule -I S-I Temp./K Reference Comments 

l!J.wlute Rate Coefficients 
See comment (b) 
1.6 x 10- 11 T- I exp( -1860/T) 
1.0 x 10- 16 

373 
298-563 
298 
29Cr433 
298 

Phillips, 19781 

Phillips, 19792 

(a,b) 
(a,c) 

1.2 X 10- 13 exp( - 400fT) 
(3 ± 1) x 10- 14 

Fritz et aI., 19843 (d) 

Reviews and Evaluations 
l.2 X 10- 13 exp( - 400fT) 
1.2 x 10- 13 exp( -400fT) 

29Cr433 
29Cr433 

CODATA, 19844
; IUPAC, 19895 

NASA,19906 
(e) 
(f) 

Comments 

(a) Discharge flow system with resonance fluorescence 
detection of HO. 

(b) The rate coefficient was observed to be pressure de
pendent below 15 Torr, with the rate coefficient in
creasing with increasing pressure. These data 
indicate an addition reaction in the fall-off region. 

(c) Carried out at total pressures of 10-15 Torr. Data 
were probably still in the fall-off region. 

(d) Flash photolysis system with UV absorption detec
tion of HO radicals. The rate coefficients were ob
served to be pressure dependent over the range 
-10-450 Torr of N2 diluent, with the measured rate 
coefficients increasing with increasing pressure. The 
cited rate coefficient is that extrapolated to the high
pressure limit (krx). 

(e) See Comments on Preferred Values. 
(f) Uses the extrapolated high pressure rate coefficient 

data of Fritz et al.3 

Preferred Values 

k 3 X 10- 14 cm3 molecule- 1 
S-1 at 298 K and 1 bar. 

k = 1.2 X 10- 13 exp( -400fT) cm3 molecule- I S-I over 
the temperature range 2YU-44U K at 1 bar. 

Reliability 
~log k = ± 0.5 at 298 K. 
/l(EfR) = ± 300 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.4 The preferred values are those 
of Fritz et al.3 with wider error limits. The rate coefficient 
increases with increasing pressure over this temperature 
range, and the rate coefficients cited are those extrapo
lated by Fritz et al.3 to the high-pressure limit. 

The reaction proceeds by HO radical addition over this 
temperature range. At higher temperatures the available 
rate coefficient data indicate a direct abstraction reac
tion.? 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 1992 
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References 
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2L. F. Phillips, Aust. J. Chern. 32, 2571 (1979). 
3B. Fritz, K. Lorenz, W. Steinert, and R. Zellner, Oxid. Comm. 6, 363 
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5IUPAC, Supplement III, 1989 (see references in Introduction). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
7R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 

HO + CH3CN ~ products 

Rate coefficient data 

k/cm3 molecule- I S-I Temp./K 

Absolute Rate Coefficients 
1.1 X lO-12 exp[ - (1130 ± 9O)/T] 256-388 
(2.48 ± 0.38) x lO-14 298 

Reviews and Evaluations 
6.3 x lO-13 exp( -1030/T) 250-420 
6.77 x 10- 13 exp( -1030/T) 250-363 
4.5 x 10 -13 exp( - 900fT) 150-::Vn 

Comments 

(a) HO radicals were generated by pulsed laser photoly
sis of H20 2 or HN03 and detected by LIF. No defini
tive evidence for a pressure dependence of the rate 
coefficient for the HO + CH3CN reaction was ob
served in N2 or He diluent over the pressure range 
46-700 Torr (N2 diluent) or 30-630 Torr (He dilu
ent). In the presence of O2, the HO radical decays 
were non-exponential, indicating regeneration of HO 
radicals. Combined with analogous data for the reac
tions of HO radicals with CD3CN (for which the rate 
coefficient was pressure dependent over the pressure 
range 40-692 Torr of N2 diluent) and of DO radicals 
with CH3CN and CD3CN, these data suggest that the 
initial HO radical reaction proceeds by H atom ab
straction from the -eH3 group and HO radical addi
tion to the -eN group.l 

{

H20 + 'CH2CN 
HO + CH3CN 

[CH3CNOH]:j: 

Subsequent reactions of the addition adduct in the 
presence of O2 then lead to the regeneration of HO 
radicals. 

(b) The 298 K value was derived from the average of the 
rate coefficients reported by Kurylo and Knable5 and 
Poulet et al.6 The temperature dependence was that 
determined by Kurylo and Knable,5 with the A factor 
being adjusted to fit the 298 K value. 

(c) Derived from a unit-weighted average of the room 
temperature rate constants of Fritz et al.,7 Poulet 
et al.,6 Zetzsch (unpublished data, 1983) and Kurylo 
and Knable,5 combined with the temperature depen
dence of Kurylo and Knable.5 

(d) The 298 K value was derived from the average of the 
absolute rate coefficients of Kurylo and Knable,5 Zet-

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Hynes and Wine, 1991 1 (a) 

IUP AC, 19892 (b) 
Atkinson, 19893 (c) 
NASA,lQ904 (cf) 

zsch (unpublished data, 1983), Rhfisa and Zellner 
(unpublished data. 1984) and Poulet et a/.6 The tem
perature dependence was obtained from the 295-
391 K data of Rhasa and Zellner (unpublished data, 
1984) and those of Kurylo and Knable.s 

Preferred Values 

k = 2.2 X 10- 14 cm3 mo]ecule- I S-I at 298 K (1 bar). 
k = 8.1 X 10- 13 exp( -1080/T) cm3 molecule- 1 

S-1 

over the temperature range 250-390 K. 

Reliability 
dlog k = ±O.lS at 298 K. 
Il(E/R) = ±200 K. 

Comments on Pre/erred Values 
The preferred 298 K rate coefficient is a unit-weighted 

average of the rate coefficients of Pou1et et al} Kurylo 
and Knables and Hynes and Wine.1 The temperature de
pendence is the mean of thosy determined by Kurylo and 
Knable5 and Hynes and Wine.1 The mechanism and prod
ucts of this reaction are not understood at present [see 
comment (a) above]. In view of the possibility of a pres
sure dependence of the 298 K rate coefficient at low total 
pressures l (;~O.l bar), the preferred values are applicable 
to atmospheric conditions. 

References 

IA. J. Hynes and P. H. Wine, J. Phys. Chern. 95, 1232 (1991). 
2IUPAC, Supplement III, 1989 (see references in Introduction). 
3R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
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6G. Poulet, G. Laverdet, J. L. Jourdain, and G. Le Bras, J. Phys. Chern. 
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7B. Fritz, K. Lorenz, W. Steinert, and R. Zellner, Proc. 2nd European 
Symp. on the Physico-Chemical Behavior of Atmospheric Pollutants, 
D. Riedel, Boston, 1982, pp. 192-202. 
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\1/0 = -156 kJ·mol- 1 

Rate coefficient data 

~ ,'11111 molecule- 1 S-1 

'I>lOlute Rate Coefficients 
(48 ± 0.2) X 10- 12 

'\ 4 x 10- 13 exp[(780 ± 55)/T] 
(lJ 2 ± 1.0) X 10- 12 

/,','\'rcws and Evaluations 
I 7 x 10 - 13 exp( 1000/T) 
i 3 x 10- 13 exp(800/T) 

Comments 

Temp./K 

298 
248-573 
298 

250-380 
200-300 

(,I) Study of the photooxidation of CH3CHO at 700 Torr, 
with double multipath spectrometer, combining both 
IR and UV absorption spectrometry for monitoring 
reactants and products, together with modulated 
photolysis for transient detection. Transient absorp
tions were assigned to peroxy radicals and the rate 
coefficient was obtained from kinetic analysis by 
computer simulation. 

( h) Flash photolysis-UV absorption study of 
Ch-CH30H-CH4-Oz-N2 mixtures at pressures of 
120 or 760 Torr. Revised cross section data were 
used, a(H02) = 5.3 x 10- 18 cm2 molecule- 1 at 210 
nm and a(CH30 2) = 3.6 X 10- 18 cm2 molecule- 1 at 
260 nm. 

(l ) Derived from the data of Dagaut et al.,5 Jenkin et al.6 

and Cox and Tyndall.' 
(II) The 298 K rate coefficient was the average of the data 

of Dagaut et al.,5 Jenkin et al.,6 Moortgat et al./ 
Lightfoot et al.2 and Cox and Tyndall.' The recom
mended value of EIR was obtained from an analysis 
of the temperature dependences of Dagaut et al.,5 
Lightfoot et al. 2 and Cox and Tyndall,' with the A -
factor being adjusted to yield the preferred 298 K 
rate coefficient. 

Preferred Values 

k = 5.2 X 10- 12 cm3 molecule-I S-I at 298 K. 
k = 3.8 X 10- 13 exp(780/T) cm3 molecule- 1 S-1 over 

I ill: temperature range 225-580 K. 

/\"liability 
~log k = ± 0.3 at 298 K. 
~(E/R) = ±500 K. 

( 'omments on Preferred Values 
The discrepancies in the data for this reaction, due in 

jl,lrt to the different values of the UV absorption cross 
,l,ctions used in the various studies,3,4 remain unresolved. 

Reference 

Moortgat et al., 19891 

Lightfoot, Lesdaux, and Veyret, 19902 

IUP AC, 19893 

NASA,19904 

Comments 

(a) 
(b) 

(c) 
(d) 

The preferred rate coefficient at 298 K is the mean of 
the values of Dagaut et al.,5 Jenkin et al.,6 Moortgat 
et al., I Lightfoot et al.2 and Cox and Tyndall.' The recom
mended temperature coefficient is that reported by 
Lightfoot et al.,2 selected on the basis of their wider range 
of temperatures than the previous studies.5

" TheA -factor 
was then adjusted to fit the preferred value of k298• The 
preferred rate parameters are in agreement with the most 
recent NASA recommendation.4 

The studies of Kurylo et al.8 Jenkin et al.6 and Light
foot et al.,2 show that the rate coefficient is independent 
of pressure over the range 10-760 Torr. 

The possibility of a second reaction channel, yielding 
HCHO + H20 + 02, discussed by Jenkin et al.,6 receives 
some indirect support from the study of Moortgat et al. 1 

They calculated a rate coefficient of k (H02 + CH30 2 ~ 
O2 + CH302H) = 3.5 x 10- 12 cm3 molecule-I S-I at 
room temperature, from the computer simulation of the 
rate of formation of CH30 2H. Since this is lower than 
their value based on the rate of decay of the peroxy rad
icals, they concluded that there could be an additional 
product channel. More direct information concerning the 
possible second channel comes from the report of 
Wallington and Japar,9 on the products of the H02 + 
CH30 2 reaction studied by FTIR spectroscopy. On the 
basis of their analyses of CH300H and only trace quan
tities of HCHO (attributed to secondary reactions), 
Wallington ~nd Japar9 concluded that the reaction in
volves only the one channel yielding CI-hO:zH and Oz. 

References 

lG. K. Moortgat, R. A. Cox, G. Schuster, J. P. Burrows, and G. S. Tyn
dall, J. Chern. Soc. Faraday Trans. 2, 85, 809 (1989). 

2p. D. Lightfoot, B. Veyret, and R. LcscIaux, J. Phys. Chern. 94, 708 
(1990). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5p. Dagaut, T. J. Wallington, and M. J. Kurylo, J. Phys. Chern. 92, 3833 

(1988). 
6M. E. Jenkin, R. A. Cox, G. D. Hayman, and L. J. Whyte, J. Chern. Soc. 
Faraday Trans. 2, 84, 913 (1988). 
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7R. A. Cox and G. S. Tyndall, J. Chern. Soc. Faraday Trans. 2, 76, 153 
(1980). 

HM. J. Kurylo, P. Dagaut, T. J. Wallington, and D. M. Neuman, Chern. 
Phys. Lett. 139, 513 (1987). 

9]'. J. Wallington and S. M. Japar, Chern. Phys. Lett. 167,513 (1990). 

H02 + HOCH20 2 ~ O2 + HOCH20 2H (1) 

~ O2 + HC02H + H20 (2) 

Mr(2) = -473.1 kJ·rnol-l 
Rate coefficient data (k = k, + k2 ) 

Absolute Rate Coefficients 
5.6 x 10- 15 exp[(2300 ± 1100)IT] 
(1.2 ± 004) x 10- 11 

(1.2 ± 0.3) x 10- 11 

Branching Ratios 
k-jk = 0040 ± 0.15 

Comments 

Ternp./K 

275-333 
295 
298 

298 

(a) Flash photolysis of Ch in the presence of HCHO or 
CH30H and Oz with time-resolved absorption spec
troscopy for HOz and HOCH20 Z radicals. The rate 
coefficient k was obtained from a computer simula
tion of the absorption profiles based on a mechanism 
of nine elementary reactions. 

(b) Molecular modulation study of Ch-HCHO-Oz mix
ture with diode laser IR spectroscopy for HO z and 
HOCHzOz radicals. The rate coefficient k was 
obtained from a computer simulation of HOz absorp
tion profiles based on a mechanism of eight elemen
tary reactions. 

(c) Same experimental system as for comment (b). The 
branching ratio was determined from a computer 
simulation of the quantum yields of HCOOH forma
tion. 

Preferred Values 

k = 1.2 X 10- 11 cm3 molecule- I S-1 at 298 K. 
k 5.6 X 10- 15 exp(2300/T) cm3 molecule- 1 S-1 over 

the temperature range 275-335 K. 
kz/k = 0.4 at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Veyret et ai., 19891 

Burrows et ai., 19892 

Burrows el a/., 19892 

Reliability 
Lllog k = ± 0.3 at 298 K. 
Ll(E/R) = ± 1500 K. 
A(kdk) = ± 0.4 at 298 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 

The two studies1
•
z of the rate coefficient at 298 K are in 

good agreement and confirm that this reaction is fast 
compared with the HOz radical reactions with CH30 Z and 
CzHsOz radicals. The product channel yielding HCOOH 
is presumed to proceed via a six-membered cyclic inter
mediate, analogous to that proposed for the formation of 
HCHO, CH30H and Oz from the interaction of CH30 2 

radicals.3 Both the temperature dependence and the 
branching ratio require independent confirmation. 

References 

1B. Veyret, R. Lesc1aux, M.-T. Rayez, J.-C. Rayez, R. A. Cox, and G 
K. Moortgat, J. Phys. Chern. 93, 2368 (1989). 

2J. P. Burrows, G. K. Moortgat, G. S. Tyndall, R. A. Cox, M. E. Jenkin. 
G. D. Hayman, and B. Veyret, J. Phys. Chern. 93, 2375 (1989). 

3M. E. Jenkin, R. A. Cox, G. D. Hayman, and L. J. Whyte, J. Chern. Soc 
Faraday Trans. 2, 84, 913 (1988). 
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Rate coefficient data 

, III \ molecule - 1 S - 1 

I' .. " ,fIlte Rate Coefficients 
1(, \ ± 0.9) x 10- 12 

,I, X 10- 13 exp[(650 ± 125)/T] 
I', \ ± 1.0) x 10- 12 

!,/{I\'/' Rate Coefficients 
I I ') ± 0.5) x 10- 12 

I 1/ 11'.\ and Evaluations 
I,'" X 10- 13 exp(650/T) 
/.', X 10- 13 cxp(650/T) 

Comments 

Temp.JK 

295 
248-380 
298 

298 

240-380 
200-300 

I I Molecular modulation spectrometry system used, 
with HOz and CzHsOz radicals being generated 
\imultaneously by photolysis of Cb in the presence of 
CZH6-CH30H-Oz-Nz mixtures at pressures of 2.4 
Torr. HOz monitored by IR absorption with a tun
able diode laser and CzHsOz monitored by UV ab
\orption at 260 nm. The rate coefficient k was 
determined from the observed perturbation of the 
second-order kinetics of the HOz self-reaction when 
CzHsOz was present in large excess, and shown to be 
essentially independent of pressure over the range 
2.4-760 Torr. 

, 1'1 Flash photolysis of Ch in the presence of 
CZH6-CH30H-Oz-Nz mixtures at total pressures of 
25-400 Torr. Composite transient absorption decay 
curves for HO l and CZHS02 were measured at 230, 
250 and 280 nm. Kinetic analysis derived from com
puter modeling of experimental. data. 

I' I FTIR spectroscopic study of product formation in 
the photolysis of CI-CzH6-0z and (CzHs)zNz-Oz mix
tures at 700 Torr total pressure. The rate coefficient 
k was derived from computer simulation of the pro
posed mechanism. 

" I) See Comments on Preferred Values. 
I, ) Derived on the same basis as in the IUP AC, 19894 

evaluation. 

Preferred Values 

~ = 5.8 X 10- 1z cm3 molecule-! s-! at 298 K. 
/, = 6.5 X 10- 13 exp(650/T) cm3 molecule-! s-! over 

11/(' temperature range 240-380 K. 

Reference 

Cattell et al., 19861 

Dagaut, Wallington and Kurylo, 19882 

Niki et al., 19823 

IUPAC, 19894 

NASA,19905 

Reliability 
~log k = ::!:·O.2 at 298 K . 
.6. (E/R ) = ± 200 K. 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 

(d) 
(c) 

This data sheet is largely reproduced from our previous 
evaluation, IUPAC, 1989.4 The two direct studies of this 
rate coefficient are in good agreement at 298 K, and the 
preferred value is the mean of these data. The rate coef
ficient reported by Niki et al.3 is considerably lower than 
the preferred value but it is derived on the basis of a 
much less direct technique. The preferred temperature 
dependence of the rate coefficient is based on the data of 
Dagaut et al.,z but requires further experimental confir
mation. The experiments of Cattell et al.! indicate that 
the rate coefficient is independent of total pressure based 
on measurements at 2.4 and 760 Torr. 

Wallington and Japar6 have carried out a study of the 
products of the HOz + CZHS02 reaction, using FfIR 
spectroscopy. From the analyses of CzHsOOH, they con
cluded that the reaction involves only the one channel 
yielding C1HsOOH and O:!. 

References 

IF. C. Cattell, J. Cavanagh, R. A. Cox, and M. E. Jenkin, J. Chem. Soc. 
Faraday Trans. 2, 82, 199 (1986). 

2P. Dagaut, T. J. Wallington, and M. J. Kurylo, J. Phys. Chern. 92, 3836 
(1988). 

3H. Niki, P. Maker, C. M, Savage, and L. P. Breitenbach, J. Phys. Chern. 
86,3825 (1982). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
°T. J. Wallington and S. M. Japar, Chern. Phys. Lett. 166,495 (1990). 
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H02 + CH3C03 ~ O2 + CH3C03H (1) 

~ 0 3 + CH3C02H (2) 

Mr(2) = - 132 kJ'rno)-1 
Rate coefficient data (k = k, + k2 ) 

Absolute Rate Coefficients 
4.3 X to- 13 exp[(1040 ± 100)IT] 
(1.3 ± 0.3) x 10- 11 

Branching Ratios 
kllk = 0.23 
kl/k = 0.33 ± 0.07 

Comments 

Ternp./K 

253-368 
298 

298 
253-368 

(a) Flash phutulysis uf Ch in the presence of 
CH3CHO-CH30H-02-N2 mixtures at total pressures 
of 600-650 Torr. [CH3C03] was monitored by UV ab~ 
~orptjon over the wHve1ength rHnge 195-280 nm and 
the absorption cross section measured relative to 
a{H02) = 5.3 x 10- 18 cm2 mo]ecu]e- 1 at 210 nm. 
Rate coefficients were derived from a computer sim~ 
ulation of absorption traces at a range of wave
lengths, based on a mechanism including secondary 
removal of CH3C03• 

(b) FfIR study of irradiated Ch-HCHO-CH3CHO-02 

mixtures. The branching ratio was based on analysis 
of the products, CH3C03H, CH3C02H, and 0 3• 

(c) Derived from same experiments as in comment (a) by 
making allowance for absorption by the 0 3 product. 

Preferred Values 

k = 1.4 X 10- 11 cm3 molecule- I S-1 at 298 K. 
k = 4.3 X 10- 13 exp(1040/T) cm3 molecule- 1 S-1 over 

the temperature range 250-370 K. 
kl/k = 0.3 over the temperature range 250-370 K. 

Reliability 
~log k = ± 0.3 at 298 K. 
~(E/R) = ± 500 K. 
~(kdk) = ± 0.1 over the range 250-370 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Moortgat, Veyret and Lesclaux, 19891 

Niki et al., 19852 

Moortgat, Veyret and 
Lesclaux, 19891 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

The data of Moortgat et al. 1 are in line with their re
sults for the reactions of H02 radicals with CH302 and 
HOCH20 2 radicals.3,4 While the results appear reason
able and we recommend their value of k, this requires in
dependent confirmation before the error limits: can be 
reduced. 

Channel (2) leading to 0 3 formation is well supported 
by the studies of Niki et al.2 and of Moortgat et al.1 Such 
a pathway does not take place in the H02 + R02 interac
tions and may be unique to the H02 + RC03 systems. 
The recommended branching ratio is a rounded-off mean 
from both studies. 1

•
2 

References 

1G. K. Moortgat, B. Veyret, and R. Lesc1aux, Chern. Phys. Lett. 160,443 
(1989). 

2H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys. 
Chern. 89, 588 (1985). 

3p. D. Lightfoot, B. Vcyret, and R. Lesc1aux, J. Phys. Chern. 94, 708 
(1990). 

4B. Veyret, R. Lesc\aux, M. T. Rayez, J. C. Rayez, R. A. Cox, and G. 
K. Moortgat, J. Phys. Chern. 93, 2368 (1989). 
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Rate coefficient data 

III' llIolccule- 1 S-1 Temp.!K Reference Comments 

I ' ,'/1111' Rate Coefficients 
I IS l: 1.5) X 10- 12 

'/lxlO- 11 

I I ' l: 0.3) X 10- 11 

298 
298 
296 

Jenkin and Cox, 19911 

Anastasi et ai., 19912 

Murrells et aI., 19913 

(a) 
(b) 
(c) 

Comments 

I I I Molecular modulation study with HOCH2CH20 2 rad
Icals being generated from the photolysis of 
IIOCH2CH2I in the presence of O2 and N2 at total 
pressures of 10, 100 and 760 Torr in a slow flow sys
tem. Evidence from the mudulated absurptiun SPCl::

trum in the range 205-310 nm showed additional 
transient species were absorbing, and these were as
cribed to HOCH2CH2001 and H02• The rate coeffi
cient was obtained from computer simulations of the 
time-resolved absorption waveforms at 220-310 nm 
for experiments at 10 Torr pressure. 

I II) Pulse radiolysis study, with the HOCH2CH20 Z radi
cal being generated from C2Hc02-HzO-SF6 and 
CH3CHzOH-02-SF6 mixtures at a total pressure of 
760 Torr. [HOCHzCHzOz] was monitored by absorp
tion at 230 nm and k derived from kinetic modeling 
of absorption profiles. 

(e) Laser flash photolysis study, with HOCH2CH20 2 rad
icals being generated from photolysis of 
HOCH2CH2CI in the presence of O2 and N2 at total 
pressures of 710 Torr. The rate coefficient was ob
tained by mudeling the ubserved absorption profiles 
on the basis of a simplified mechanism of four reac
tions. 

Preferred Values 

k = 1.0 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~log k ± 0.3 at 298 K. 

Comments on Preferred Values 
The studies of Murrells et al.3 by laser flash photolysis 

and by molecular modulation of the absorption spectrum 
of the HOCH2CH20 2 radical have shown that the absorp
tion cross sections reported earlier by Jenkin and Cox l 

from molecular modulation studies of the photolysis of 
HOCH2CH21 are approximately a factor of two low. 
Jenkin and Cox l made the assumption that the photolysis 
of HOCH2CH2I in their system yields entirely 
HOCHzCH20 2 radicals, which is apparently not the case. 
Increasing (1230 (HOCH2CH20 2) by a factor of two in the 
interpretation3 of the data of Jenkin and Coxl yields the 
revised value of k = (8.4 ± 3.0) x 10- 12 cm3 molecule- 1 

S-1 at 298 K. 
The recommended rate coefficient is the mean of this 

revised value together with the value of Murrells et al.3 

The approximate value derived by Anastasi et al.2 in the 
pulse radiolysis experiments is a factor of two higher than 
our recommended value, and we have not taken this 
value of Anastasi et al. 2 into account, owing to the differ
ences in the absorption spectrum of the radical observed 
by Anastasi et al.2 compared with the consistent spectra 
reported by Jenkin and Cox1 and Murrells et al.2 (see data 
for the reaction 2HOCH2CH202 ~ products). 

References 

1M. E. Jenkin and R. A. Cox, J. Phys. Chern. 95, 3229 (1991). 
2C. Anastasi, D. J. Muir, V. J. Simpson, and P. Pagsberg, J. Phys. Chern. 
95,5791 (1991). 

3T. P. Murrells, M. E. Jenkin, S. J. Shalliker, and O. D. Hayman, J. 
Chern. Soc. Faraday Trans. 87, 2351 (1991). 
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AIr = -68.1 kJ'mol- 1 

Rate coefficient data 

Temp./K Reference Comments 

Absolute Rate Coefficients 
(1.1 ± 0.4) x 10- 13 

7.7 X 10- 15 exp[(625 ± 550)/T)] 
(6.0 ± 0.7) x 10- 14 

273 
275-333 
295 

Barnes et a1., 1985 1 

Veyret el al., 19892 
(a) 
(b) 

Reviews and Evaluations 
9.7 x 10- 15 exp(625/T) 
6.7 x 10- 15 exp(600IT) 

275-333 
200-300 

IUPAC, 19893 

NASA,19904 
(c) 
(d) 

Comments 

(a) FTIR spectroscopic study in a 420 e reaction cham
ber. H02 radicals were generated from the thermal 
decomposition of H02N02 in the presence of 
HCHO, N02 and synthetic air at a total pressure of 
400 Torr. The rate coefficient k was obtained from a 
computer simulation of the rates of decay of HCHO 
and rates of formation of HCOOH and 
HOCH20 2N02, based on a reaction scheme consist
ing of nine elementary reactions. 

(b) Flash photolysis of Ch in the presence of HCHO or 
CH30H and O2 with long path absorption measure
ments of H02 and HOCH20 2 radicals at total pres
sures of 85-170 Torr. The rate coefficient k was 
obtained from a computer simulation of the absorp
tion profiles based on a mechanism of five elemen
tary reactions. 

(c) See Comments on Preferred Values. 
(d) k298 obtained from average of values obtained by Su 

etal.,5 Veyret etal.2 and Veyret etal.6 Temperature' 
dependence taken from Veyret et al.2 

Preferred Values 

k = 7.9 X 10- 14 cm3 molecule- 1 S-1 at 298 K. 
k = 9.7 X 10- 15 exp(625/T) cm3 molecule- 1 S-1 over 

the temperature range 275-333 K. 

Reliability 
~log k = ±0.3 at 298 K. 
d(E/R) = ± 600 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.3 The most recent studies of Barnes 
et al.1 and of Veyret et al.2 are in excellent agreement re
garding this rate coefficient and both are in good agree
ment with the earlier data of Veyret et al.6 The preferred 
rate equation is derived by taking an average value of the 
rate coefficients of Barnes et al.1 [k(273K) = 1.1 X 10- 13 

cm3 molecule- 1 
S-I] and ofVeyret et al.2 [k(275 K) = 8.0 

X 10- 14 cm3 molecule- 1 S-I] together with the value of 
E/R determined by Veyret et al.2 

This reaction is believed to proceed via the initial for
mation of the adduct radical, H02CH20, which rapidly 
isomerizes to the product radical, HOCH200, via H
atom transfer. 

References 

11. Barnes, K. H. Becker, E. H. Fink, A. Reimer, F. Zabel, and H. Niki, 
Chern. Phys. Lett. 115, 1 (1985). 

2B. Veyret, R. Lesclaux, M.-T. Rayez, J.-c. Rayez, R. A. Cox, and G. 
K. Moortgat, J. Phys. Chern. 93, 2368 (1989). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
sF. Su, J. G. Calvert, J. H. Shaw, H. Niki, P. D. Maker, C. M. Savage, 

and L. P. Breitenbach, Chern. Phys. Lett. 65, 221 (1979). 
6B. Veyret, J.-C. Rayez, and R. Lesclaux, J. Phys. Chern. 86, 3424 

(1982). 
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\" .. = 68.1 kJ'rnol- 1 

Rate coefficient data 

" -{ , 1\ Ternp./K Reference Comments 

1I>lOlute Rate Coefficients 
1.5 

2o~i~ 

298 
298 
273 
275-333 
295 

Su, Calvert, and Shaw, 19791 

Veyret, Rayez and LescIaux, 19822 

Barnes et al., 19853 

(a) 
(b) 
(c) 
(d) 20 x 1012 exp[( -7000 ± 2000)/T] 

100 ± 50 
Veyret et aI., 19894 

U/'l'leWS and Evaluations 
2.4 X 1012 exp( - 7000/T) 275-333 IUPAC, 19895 (e) 

Comments 

(a) Photooxidation of HCHO-Ch mixtures in H2, O2 and 
N2 diluent or in synthetic air (total pressure -700 
Torr) studied by FfIR spectroscopy. The rate coeffi
cient k was derived from a computer simulation of a 
complex system. 

(b) Flash photolysis of HCHO-Oz-NO mixtures at total 
pressures of 62-230 Torr. Kinetic analysis based 
solely on measured + d[N02]/dt. The rate coefficient 
k was derived from a computer simulation of a com
plex system. 

(c) FfIR spectroscopic study in a 420 f reaction cham
ber. HOz radicals were generated from the thermal 
decomposition of HOzNOz in the presence of 
HCHO, N02 and synthetic air at total pressures of 
400 Torr. The rate coefficient k was derived from a 
computer simulation of the rates of decay of HCHO 
and rates of formation of HCOOH and 
HOCHzOzNOz based on a reaction scheme consist
ing of nine elementary reactions. 

(d) Flash photolysis of Ch in presence of HCHO or 
CH30H and O2 with long-path absorption measure
ments of [H02] and [HOCH20 2] at total pressures of 
85-170 Torr. The rate coefficient k was obtained 
from a computer simulation of the absorption pro
files based on a mechanism of five elementary reac
tions. 

(e) See Comments on Preferred Values. 

Preferred Values 

k = 1.5 X 102 S-1 at 298 K. 
k = 2.4 x 1012 exp( -7000/T) s -lover the temperature 

range 275-333 K. 

Reliability 
dlog k = ± 0.3 at 298 K. 
d(E/R) = ±2000 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.5 The studies of Barnes et al.3 and of 
Veyret et al.4 are in good agreement regarding the rate 
coefficient of this reaction. The preferred rate equation 
has been obtained by taking the average of the rate coef
ficients at 273 K from these studies together with the E/R 
determined by Veyret et al.4 

It should be pointed out that the equilibrium constant 
for the reactions H02 + HCHO ~ HOCH20 2 (1,-1), 
Kl = 5.2 X 10- 16 cm3 molecule- 1 at 298 K, derived from 
the kinetic study ofVeyret et al.4 (which is identical to the 
value obtained from our recommended data for kl and 
k-1), is in excellent agreement with the value KI = 4.0 X 

10- 16 cm3 molecule- 1 at 298 K obtained independently by 
Burrows et al.6 from molecular modulation studies. The 
above value of KI is, however, considerably smaller than 
the value of KI = 3.4 X 10- 15 cm3 molecule- 1 at 298 K 
reported by Zabel et al.7 from ESR spectroscopic mea
surements of the ratio of concentrations of HOz and 
HOCH200 radicals in the photolysis of HCHO-02 mix
tures. 

References 

IF. Su, J. G. CalVert, and J. H. Shaw, J. Phys. Chern. ~3, 31~5 (lnY). 
2B. Veyret, J.-c. Rayez, and R. LescIaux, J. Phys. Chern. 86, 3424 

(1982). 
31. Barnes, K. H. Becker, E. H. Fink, A. Reimer, F. Zabel, and H. Niki, 

Chern. Phys. Len. J J5, 1 (1985). 
4B. Veyret, R. Lesclaux, M.-T. Rayez, J.-c. Rayez, R. A. Cox, and G. 
K. Moortgat, J. Phys. Chern. 93, 2368 (1989). 

5IUPAC, Supplement III, 1989 (see references in Introduction). 
6J. P. Burrows, G. K. Moortgat, G. S. Tyndall, R. A. Cox, M. E. Jenkin, 

G. D. Hayman, and B. Veyret, J. Phys. Chern. 93, 2375 (1989). 
7p. Zabel, K. A. Sahetchian, and C. Chachaty, Chern. Phys. Lett. 134, 

433 (1987). 
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Rate coefficient data 

Absolute Rate Coefficients 
4.9 X 10-13 exp[ - (2742 ± 542)/T] 
(5.1 ± 3.5) x 10- 17 

Relative Rate Coefficients 
~3.0 x 10- 17 

Reviews and Evaluations 
<1 X 10- 16 

<5 X 10- 17 

Comments 

Temp./K 

296-523 
295 

298 

298 
298 

(a) Discharge flow system with optical absorption detec
tion of N03. 

(b) Relative rate method. N03 radicals generated by the 
thermal decomposition of NzOs in NOz-air mixtures 
at atmospheric pressure. Relative decay rates of CzHz 

and CzH. monitored, leading to k(N03 + CzHz)/ 
k(N03 + CZH4) :::::: 0.14. Placed on an absolute basis 
by use of k(N03 + CZH4) = 2.1 x 10-16 cm3 

molecule- 1 
S-1 (this evaluation). 

(c) See Comments on Preferred Values. 
(d) Derived from the room temperature rate coefficients 

of Canosa-Mas et al. 1 and Atkinson et al.3 

Preferred Values 

k < 1 X 10- 16 cm3 molecule- 1 S-l at 298 K. 

Comments on Pre/erred Values 
This data sheet is reproduced from our previous 

evaluation, IUPAC, 1989.4 The measurement of rate 

Reference Comments 

Canosa-Mas et aI., 19881,2 (a) 

Atkinson, Aschmann and Goodman, 19873 (b) 

IUPAC, 19894 (c) 
Atkinson, 199P (d) 

coefficients for low reactivity organics is complicated by 
the possibility of secondary reactions, leading to erro
neously high measured rate coefficients. The relative rate 
measurements3 show CzHz to be significantly less reactive 
than CZH4• The preferred value of the upper limit to the 
rate coefficient is sufficiently high to be consistent with 
the data of Canosa-Mas et at.1 Until there are confirma
tc!ry data for the reported temperature dependencez of 
this rate coefficient, no temperature dependence is rec
ommended. 

References 

Ie. Canosa-Mas, S. J.Smith, S. Toby and R. P. Wayne, J. Chern. Soc. 
Faraday Trans. 2, 84, 247 (1988). 

2C. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chern. Soc., 
Faraday Trans. 2, 84, 263 (1988). 

3R. Atkinson, S. M. Aschmann, and M. A. Goodman, Int. J. Chern. 
Kinet. 19, 299 (1987). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
SR. Atkinson, J. Phys. Chern. Ref. Data 20, 459 (1991). 

Rate coefficient data 

k/cm3 molecule- 1 S-1 Temp./K Reference Comments 
-------------

Relative Rate Coefficients 
(1.43 ± 0.54) x to- 16 296 ± 1 Andersson and Ljungstrom, 19891 (a) 
(1.85 ± 0.39) x to- 16 298 ± 2 Barnes et al., 19902 (b) 

Reviews and Evaluations 
2.1 x 10- 16 298 IUPAC, 19893 (c) 
4.88 X 10- 18 T2 exp( -2282/T) 295-523 Atkinson, 19914 (d) 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

1.1) Relative rate study, with the rate coefficient being 
determined relative to the equilibrium constant K for 
the N03 + N02 ~ N20 5 reactions. Placed on an ab
solute basis by use of K = 4.40 X 10- 11 cm3 

molecule- I at 296 K.4 
( h) Relative rate study with the rate coefficient being de

termined relative to the rate coefficient for the reac
tion of the N03 radical with 2-methylpropane. Placed 
on an absolute basis by use of k (N03 + 2-methyl
propane) = 1.04 x 10- 16 cm3 molecule- I 

S-I.4.5 

(r) Based upon the relative rate coefficient of Atkinson 
et al.,6 which is in agreement with the absolute rate 
coefficient data of Canosa-Mas et al.7

•
S 

(d) Derived from the absolute rate coetlicients of 
Canosa-Mas et al.7

•
S and the relative rate coefficient 

of Atkinson et al.,6 using the three parameter expres
sion k = CT2 exp( - D IT). 

Preferred Values 

k = 2.1 X 10- 16 cm3 molecule- I 
S-I at 298 K. 

k = 3.3 X 10- 12 exp( -2880IT) cm3 molecu]e- I S-1 

over the temperature range 270-330 K. 

Reliability 
.!llog k = ± 0.2 at 298 K. 
.!l(EIR) = ± 500 K. 

Comments on Preferred Values 
The preferred rate coefficient is derived using the ab

solute rate coefficient data of Canosa-Mas et al.7
•
S and the 

relative rate coefficient of Atkinson et al.6 These data 
were fitted to the three parameter expression k = CT2 

exp( -DIT), resulting in k 4.88 X 10-18 T2 
exp( - 22821T) cm3 molecule -I s -lover the temperature 
range 295-523 K. The preferred Arrhenius expression, k 
= A exp( - BIT), is centered at 300 K and is derived from 
the three parameter expression with A = C e2 T2 and B 
= D + 2T. 

The preferred rate coefficient is in reasonable agree
ment with the relative rate coefficient data of Atkinson 
et al.9 (which is superseded by the more recent study of 
Atkinson et al.6

), Andersson and Ljungstr6ml and Barnes 
et al.,z all of which have significant uncertainties due to 
the uncertainties in the equilibrium constant for the 
N03 + N02 ~ N20 s reactions or in the reference reac
tion rate coefficient. 

References 

ly. Andersson and E. Ljungstrom, Atmos. Environ. 23, 1153 (1989): 
21. Barnes, V. Bastian, K. H. Becker, and Z. Tong, J. Phys. Chern. 92, 
2413 (1990). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4R. Atkinson, J. Phys. Chern. Ref. Data 20, 459 (1991). 
5J. A. Bagley, e. Canosa-Mas, M. R. Little, A. D. Parr, S. J. Smith, S. 

J. Waygood, and R. P. Wayne, J. Chern. Soc. Faraday Trans. 86, 2109 
(1990). 

OR. Atkinson, S. M. Aschmann, and J. N. Pitts, Jr., J. Phys. Chern. 92, 
3454 (1988). 

7e. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chern. Soc . 
Faraday Trans. 2, 84, 247 (1988). 

He. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chern. Soc., 
Faraday Trans. 2, 84, 263 (1988). 

9R. Atkinson, e. N. Plum, W. P. L. Carter, A. M. Winer, and J. N. Pitts, 
Jr., J. Phys. Chern. 88, 1210 (1984). 

N03 + C3Hs ~ products 

Relative Rate Coefficients 
(6.4 ± 1.6) x 10- 15 

(1.08 ± 0.07) x 10- 14 

(7.57 ± 1.54) x 10- 15 

(7.41 ± 1.95) x 10- 15 

(9.45 ± 0.47) x 10- 15 

Reviews and Evaluations 
9.4 X 10- 15 

9.45 X 10- 15 

Temp.IK 

300 
300 
298 ± 1 
298 ± 1 
296 ± 2 

298 
298 

Rate coefficient data 

Reference Comments 

Morris and Niki, 19741 (a) 
Japar and Niki, 19752 (a) 
Atkinson et 01., 19843 (a) 
Atkinson et 01., 19843 (b) 
Atkinson, Aschmann, and Pitts, 19884 (c) 

IUPAC, 19895 (d) 
Atkinson, 1991° (e) 
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Comments 

(a) Relative rate method. Decay of N20 S monitored by 
infrared absorption spectroscopy in N20s-N02-
N03-C3H6-02-Ar (or N2) mixtures at -750 Torr to
tal pressure. The rate coefficient derived for C3H6 is 
dependent on the equilibrium constant K for the re
actions N02 + N03 ~ N20 S• The cited values in the 
table use an equilibrium constant of K = 1.26 X 

10-27 exp(11275/T) cm3 molecule-1.6 

(b) Relative rate method in which the decay rate of C3H6 
was monitored relative to that of trans -2-butene in 
N20s-N02-NOrair mixtures by GC. The measured 
rate coefficient ratio of k(N03 + propene)/k(N03 + 
trans-2-butene) of 0.019 ± 0.005 has been placed on 
an absolute basis by usc of k(NOJ + trans-2-butene) 
= 3.90 x 10- 13 cm3 molecule-1 S-I.6 

(c) Relative rate method. The relative decay rates of sev
eral sets of organics were monitored by GC in 
N20 s-N02-air mixtures at atmospheric pressure. By 
combining the rate coefficient ratios for trans-2-
butene and bicyclo[2.2.2]-2-octene, bicyclo[2.2.2]-2-
octene and thiophene, and thiophene and propene, a 
rate coefficient ratio of k (N03 + propene )/k (N03 + 
trans-2-butene) = 0.0243 ± 0.0012 was obtained. 
Placed on an absolute basis by use of k(N03 + trans-
2-butene) = 3.89 x 10- 13 cm3 molecule- 1 S-I.6 

(d) See Comments on Preferred Values. 
(e) Based on the most recent and precise relative rate 

coefficient study of Atkinson et al.4 

Preferred Values 

k = 9.4 X 10- 1S cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~log k = ± 0.2 at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.5 The preferred 298 K rate coeffi
cient is based on the most recent relative rate study of 
Atkinson et al.,4 which supersedes the earlier work from 
this group3 and which is in reasonable agreement with the 
earlier studies of Niki and co-workersl

,2 when the differ
ing equilibrium constants used for the N02 + N03 ~ 
N20 5 reactions are taken into account (see cited values in 
table). The reaction proceeds by N03 radical addition to 
the carbon-carbon double bond. 1-3,6-10 

References 

IE. D. Morris, Jr. and H. Niki, J. Phys. Chern. 78, 1337 (1974). 
2S. M. Jnpnr and H. Niki, J. Phys. Chern. 79, 1629 (1975). 
3R. Atkinson, C. N. Plum, W. P. L. Carter, A. M. Winer, and J. N. Pitts, 
Jr., J. Phys. Chern. 88, 1210 (1984). 

4R. Atkinson, S. M. Aschmann, and J. N. Pitts, Jr., J. Phys. Chern., 92, 
3454 (1988). 

5IUPAC, Supplement III, 1989 (see references in Introduction). 
6R. Atkinson, J. Phys. Chern. Ref. Data 20, 459 (1991). 
7H. Bandow, M. Okuda and H. Akirnoto, J. Phys. Chern. 84, 3604 

(1980). 
HP. B. Shepson, E. O. Edney, T. E. Kleindienst, J. H. Pittman, G. R. 

Namie, and L. T. Cupitt, Environ. Sci. Technol. 19,849 (1985). 
91. Barnes, V. Bastian, K. H. Becker, and Z. Tong, J. Phys. Chern. 94, 

2413 (1990). 
IOJ. Hjorth, C. Lohse, C. J. Nielsen, H. Skov, and G. Restelli, J. Phys. 
Chern. 94, 7494 (1990). 

NOa + HCHO ~ HNOa + HCO 

air = -53.7 kJ·mol- 1 

Relative Rate Coefficients 
(5.9 ± 0.5) x 10- 16 

5.6 X 10- 16 

(8.7 ± 0.6) x 10- 16 

(7.9 ± 1.6) x 10- 16 

Reviews and Evaluations 
6 X 10- 16 

5.8 X 10- 16 

5.8 X 10- 16 

Temp./K 

298 ± 1 
298 
298 
295 

298 
298 
298 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Rate coefficient data 

Reference 

Atkinson et aI., 19841 

Cantrell et al., 19852 

Cantrell et al., 19852 

Hjorth, Ottobrini and Restelli, 19883 

IUPAC, 19894 

NASA,19905 

Atkinson, 19916 

Comments 

(a) 
(b) 
(c) 
(d) 

(e) 
(f) 
(e) 
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Comments 

( .1) Relative rate method. N20 S decay rates monitored in 
N20 s-NOz-HCHO-air mixtures as a function of the 
HCHO/N02 concentration ratio. The rate coefficient 
derived is dependent on the value of the equilibrium 
constant K for the reactions N02 + N03 ~ N20 S• An 
equilibrium constant of K = 3.41 X 10- 11 cm3 

molecule -1 at 298 K6 has been used to place the rate 
coefficient on an absolute basis. 

(h) Derived from computer fits of time-concentration 
data for reactants and products, monitored by FTIR 
absorption spectroscopy, in OrNOz-HCHO-02-N2 
mixtures. For four experiments in which the N03 rad
ical was monitored, the rate coefficient was not de
pendent on the equilibrium constant for the 
reactions N02 + N03 ~ N20 S, and a rate coefficient 
of 5.6 x 10- 16 cm3 molecule- 1 S-I was obtained. 

(c) Derived from computer fits of time-concentration 
data for reactants and products, monitored by FTIR 
absorption spectroscopy, in OrNOz-HCHO-02-N2 
mixtures. For five of the nine experiments the rate 
coefficient derived was dependent on the equilibrium 
constant for the reactions N02 + N03 ~ N20 S• An 
equilibrium constant of 3.41 x 10- 11 cm3 

molecule -1 6 has been used to place the data on an 
absolute basis. 

(d) Derived from computer fits of time-concentration 
data for reactants and products, monitored by FTIR 
absorption spectroscopy, in OrNOz-HCHO-02-N2 
and N20s-NOz-HCHO-02-N2 mixtures. The rate 
coefficient derived is dependent on the equilibrium 
constant for the reactions N02 + N03 ~ N20 S• An 
equilibrium constant of 4.00 x 10- 11 cm3 

molecule -1
6 

has been used to place the data on an 
absolute basis, although the equilibrium constant 
cited by Hjorth et al.3 is not consistent with the tem
perature employed. Hence reevaluation of the 
Hjorth et al.3 data is subject to large uncertainties. 

(e) Based upon the relative rate coefficient of Atkinson 
et al. l and the absolute rate coefficient of Cantrell 
et al.2 

(f) Based on the absolute and relative rate coefficient 
data of Atkinson et al.,1 Cantrell et al.2 and Hjorth 
et al.3 

Preferred Values 

k = 5.8 X 10- 16 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
Lllog k = ± 0.3 at 298 K. 

Comments on Preferred Values 
The data of Atkinson et al., 1 Cantrell et al.2 and Hjorth 

et al. 3 disagree by a factor of -1.5 when the same equi
librium constant for the reactions N02 + N03 ~ N2

0 S is 
used to place the rate coefficients on an absolute basis. 
However, the rate coefficient obtained by Cantrell et al.2 

from experiments which were independent of this equi
librium constant agree well with that derived from the 
Atkinson et al. 1 data. 

Accordingly, a rate coefficient of 5.8 x 10- 16 cm3 

molecule-I S-1 is recommended, with the uncertainty lim
its reflecting the need for an absolute measurement. 
While no temperature dependence of the rate coefficient 
has been measured to date, by analogy with the N03 rad
ical reaction with CH3CHO, a preexponential factor of 
-2 x 10- 12 cm3 molecule- I 

S-I is expected, and hence 
k(N03 + HCHO) -2 x 10- 12 exp(-2430/T) cm3 

molecule- I S-I. 

This reaction proceeds by H atom abstraction 

N03 + HCHO ~ HN03 + HCO 

References 

JR. Atkinson, C. N. Plum, W. P. L. Carter, A. M. Winer, and J. N. Pitts, 
Jr., J. Phys. Chern. 88, 1210 (1984). 

2c. A. Cantrell, W. R. Stockwell, L. G. Anderson, K. L. Busarow, D. 
Pemer, A. Schrneltekopf, J. G. Calvert, and H. S. Johnston, J. Phys. 
Chern. 89, 139 (1985). 

3J. IIjorth, O. Ottobrini, am] O. Rcstclli, J. Phys. Chern. 92, 2669 (1988). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6R. Atkinson, J. Phys. Chern. Ref. Data 20, 459 (1991). 
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N03 + CH3CHO ~ HN03 + CH3CO 

MlO = - 58.0 kJ'mol- 1 

Rate coefficient data 

Absolute Rate Coefficients 
1.44 x 10- 12 exp[ -(1860 ± 300)/T] 
(2.74 ± 0.33) x 10- 15 

Relative Rate Coefficients 
(2.54 ± 0.64) x 10- 15 

(2.44 ± 0.52) x 10- 15 

(3.15 ± 0.60) x 10- 15 

Reviews and Evaluations 
1.4 X 10- 12 exp( - HSbU/l') 
1.4 x 10- 12 exp( -1900/T) 
1.44 x 10- 12 exp( -1862/T) 

Comments 

Temp./K 

264-374 
298 

300 
298 ± 1 
299 

26U-37U 
264-374 
264-374 

(a) Flow system with LIF detection of N03. 
(b) Relative rate method. N03 radicals generated from 

the thermal decomposition of N20 s in O-JAr mixtures 
at 750 Torr total pressure. Decays of N20 s monitored 
by IR absorption spectroscopy in the presence of ex
cess CH3CHO. Placed on an absolute basis by use of 
an equilibrium constant for the N02 + N03 :;;:: N20 s 
reactions of 2.65 x 10- 11 cm3 molecule- I

•
7 

(c) Relative rate method. N03 radicals generated from 
the thermal decomposition of N20 s in air at 740 Torr 
total pressure, and the decays of N20 s in the pres
ence of excess CH3CHO monitored by FTIR absorp
tion spectroscopy. Placed on an absolute basis by use 
of an equilibrium constant for the N02 + N03 :;;:: 

N20s reactions of 3.41 x 10- 11 cm3 molecule- I
•
7 

(d) N03 radicals generated from the thermal decomposi
tion of N20 s in synthetic air at 700 Torr total pres
sure. Reactants and products monitored by f't~nR 

absorption spectroscopy, and their time-concentra
tion profiles fitted by computer modeling, using an 
equilibrium constant for the NO" + NOj ~ N"O) re
actions of 3.00 x 10- 1I cm3 molecule- 1 at 299 K.7 

(e) See Comments on Preferred Values. 
(f) The 298 K value was derived from the rate coefficient 

data of Atkinson et al.3 (as reevaluated), Cantrell 
et al.4 and Dlugokencky and Howard. l The tempera
ture dependence of Dlugokencky and Howard l was 
utilized with the A -factor being adjusted to yield the 
preferred 298 K value. 

(g) Based on the absolute rate coefficient study of 
Dlugokencky and Howard. l The reevaluated relative 
rate coefficients of Morris and Niki,2 Atkinson et al.3 

and Cantrell et al.4 are in good agreement with the 
recommended value. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Dlugokencky and Howard, 19891 

Morris and Niki, 19742 

Atkinson et a/., 19843 

Cantrell et 0/., 19864 

IUPAC, 19~9' 
NASA,19906 

Atkinson, 19917 

Preferred Values 

Comments 

(a) 

(b) 
(c) 
(d) 

(e) 
(f) 
(g) 

k = 2.7 X 10- 15 cm3 molecule 1 S-1 at 298 K. 
k = 1.4 X 10- 12 exp( -1860/T) cm3 molecule- 1 S-1 

over the temperature range 260-370 K. 

Reliability 
.!llog k = ± 0.2 at 298 K. 
Ll(E/R) = ±500 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.5 The preferred values are based 
upon the sole absolute rate coefficient study of Dlugo
kencky and Howard. l The rate coefficients reported by 
Morris and Nikj,2 Atkinson et a/.3 and Cantrell et al.4 

(when reevaluated7 to be consistent with recent values of 
the equilibrium constant for the N02 + N03 :;;:: N20 s re
actions) are in good agreement with this preferred value. 
However, because of the significant uncertainties in this 
equilibrium constant,' these relative rate coefficient data 
were not used in the evaluation of the preferred rate co
efficient. 

References 

IE. J. Dlugokencky and C. J. Howard, J. Phys. Chern. 93, 1091 (1989). 
2E. D. Morris, Jr. and H. Niki, J. Phys. Chern. 78, 1337 (1974). 
3R. Atkinson, C. N. Plum, W. P. L. Carter, A. M. Winer, and J. N. Pitts, 
Jr., J. Phys. Chern. 88, 1210 (1984). 

4C. A. Cantrell, J. A. Davidson, K. L. Busarow, and J. G. Calvert, J. 
Geophys. Res. 91, 5347 (1986). 

5IUPAC, Supplement III, 1989 (see references in Introduction). 
6NASA Evaluation No.9, 1990 (~ee references in Introduction). 
7R. Atkinson, J. Phys. Chern. Ref. Data 20, 459 (1991). 
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N03 + CH30H ~ products 

Rate coefficient data 

I hwlute Rate Coefficients 
I 25 x 10 -12 exp[ - (2562 :t 241 )/T] 
(2.1 :t 1.1) x 10- 10 

li,'\'teWs and Evaluations 
< 1 x 10- 15 

Comments 

Temp./K 

294-473 
2~4 

298 

(;t) Discharge flow system with optical absorption detec
tion of N03• 

(b) Based on the upper limit to the absolute rate coeffi
cient determined by Wallington et a/.3 using a flash 
photolysis system with optical absorption detection of 
N03• 

Preferred Values 

k = 2.4 X 10- 16 cm3 molecule- 1 
S-1 at 298 K. 

k = 1.3 X 10- 12 exp( -2560IT) cm3 molecule- 1 S-1 
over the temperature range 290-480 K. 

Reliability 
~log k = ± 0.5 at 298 K. 
a(E/R) = ± 700 K. 

Reference Comments 

Canosa-Mas et al., 19891 (a) 

IUPAC, 19892 (b) 

Comments on Preferred Values 
The preferred values are based on the absolute rate co

efficient study of Canosa-Mas et a/.1 The 298 K preferred 
rate coefficient is consistent with the upper limit to the 
rate coefficient determined by Wallington et al.3 

References 

Ie. E. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chern. 
Soc., Faraday Trans. 2, 85, 709 (1989). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3T. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., Int. J. 

Chern. Kinet. 19, 243 (1987). 

Rate coefficient data 

k/cm3 molecule- I S-1 Temp./K 

Absolute Rate Coefficients 
~9xlO-16 298 

Reviews and Evaluations 
<2 X 10- 15 298 

Comments 

(a) Flash photolysis system with optical absorption de
tection of N03• 

(b) See Comments on Preferred Values. 

Preferred Values 

k < 2 X 10- 15 cm3 molecule-1 S-1 at 298 K. 

Reference Comments 

Wallington et al., 19871 (a) 

IUPAC, 19892 (b) 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.2 The preferred value is based on the 
only study carried out to date.,1 A somewhat higher upper 
limit is' recommended than cited by Wallington et a/. 1 

References 

IT. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., Int. J. 
Chern. Kinet. 19, 243 (1987). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 



1258 ATKINSON ET AL. 

Rate coefficient data 

Absolute Rate Coefficients 
~ 2.3 X 10- 15 

Reviews and Evaluations 
<5 x 10- 15 

Comments 

Temp./K 

298 

298 

(a) Flash photolysis system with optical absorption de
tection of N 0 3 . 

(b) See Comments on Preferred Values. 

Preferred Values 

k < 5 X 10- 15 cm3 molecule-! s-! at 298 K. 

!:JfO = - 135.6 kJ'mol- 1 

Reference Comments 

Wallington et al., 19871 (a) 

IUPAC, 19892 (b) 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.2 The preferred value is based on the 
only study carried out to date.! A somewhat higher upper 
limit is recommended than cited by Wallington et al.1 

References 

IT. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., Int. J. 
Chern. Kinet. 19,243 (1987). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 

Low-pressure rate coefficients 

Rate coefficient data 

ko/cm3 molecule -I S-1 

Absolute Rate Coefficients 
(1.0 ± 0.3) x 
1O- 3°(T/300)-33 [Ar] 

RevIews and Evaluations 
8 x 1O- 31(T/300)-33 [N2] 

4.5 x 1O-31(TI300) 30 [air) 

Comments 

Temp./K 

300-850 

200-600 
200-300 

(a) CH3 radicals were produced by laser flash photolysis 
of acetone at 193 nm and detected by UV absorption 
at 216 nm. At the temperatures employed (775-
850 K) the reaction is in the equilibrium regime. The 
pressure of Ar was varied between 54 and 560 Torr. 
The rate data were fitted, together with previous val
ues at lower temperatures,5,6 using Fe 
0.46 - 0.039(T /300) which corresponds to Fe = 0.43 
at 300 K. 

(b) Based on earlier data, in particular from Refs. 6 and 
7, using Fe = 0.27 at 300 K. 

(c) Based on the low-pressure data of Selzer and Bayes,8 
using Fe = 0.6 at 300 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Keiffer and Pilling, 1991 1 

CODATA, 19802
; JUPAC, 19893 

NASA,1990-4 

Preferred Values 

Comments 

(a) 

(b) 
(c) 

ko = 1.0 X 10- 30(T/300)-33 [N2] cm3 mo}ecu]e- 1 S-l 

over the temperature range 200-300 K. 

Reliability 
b.log ko = ± 0.2 at 300 K. 
D.n = ± 1. 

Comments on Preferred Values 
The evaluation uses the new results of Ref. 1 which are 

in good agreement with the previously preferred values of 
Ref. 3, although different values of Fe were employed. 
The temperature dependence of Fe applied in Ref. 1 does 
not extend to temperatures below 300 K. The calculated 
values of Fe used in Ref. 3 are preferred, i.e., Fe = 0.27 
at 300 K. 
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High-pressure rate coefficients 

Rate coefficient data 

A • /cm3 molecule - 1 S-I Temp./K 

lli.wiute Rate Coefficients 
(1.2 ± 0.2) x 1O- 12(T/300}12 30~50 

N/'vlews and Evaluations 
2.2 X 1O- 12(T/300)1 200-400 
1.8 x 1O- 12(T/300)-17 200-300 

Comments 

(a) See comment (a) for ko• Falloff extrapolation with a 
fitted value of Fc = 0.43 at 300 K. 

(h) Based on data from Ref. 7. The temperature depen
dence was from the measured dependence from 
Ref. 6 and that theoretically predicted in Ref. 7. 
Falloff extrapolation conducted with a calculated 
value of Fc = 0.27 M 300 K. 

(c) Based on the rate data from Ref. 3. The temperature 
dependence was an estimate. The standard value of 
Fc = 0.6 was used. 

Preferred Values 

kao = 2.2 X 10-12(T/300)lO cm3 molecule- 1 S-1 over the 
temperature range 200-300 K. 

Reliability 
~log kao ± 0.3. 
6n = ±l. 

Reference Comments 

Keiffer and Pilling, 19911 (a) 

CODATA, 19802
; IUPAC, 19893 (b) 

NASA, 19904 (c) 

Comments on Preferred Values 
Most of the discrepancies between Refs. 1,3, and 4 are 

due to the choice of different Fc values. The preferred 
values correspond to Fc = 0.27 at 300 K. At pressures be
low 1 bar all.recommended falloff experiments give simi
larly good fits to the data. The present preferred values 
follow Refs. 3 and 7. 

References 

1M. Keiffer and M. 1. Pilling, 1. Chern. Soc. Faraday Trans. 87, in press 
(1991). 

2CODATA, 1980 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
SM. 1. Pilling and M. 1. C. Smith, 1. Phys. Chern. 89,4713 (1985). 
tiM. Keiffer, M. 1. Pilling and M. 1. C. Smith, 1. Phys. Chern. 91, 6028 

(1987). 
7C. 1. Cobos, H. Hippler, K. Luther, A. R. Ravishankara, and 1. Troe, 
1. Phys. Chern. 89, 4334 (1985). 

liE. A. Selzer and K. D. Bayes, 1. Phys. Chern. 87, 392 (1983). 

Rate coefficient data 

Absolute Rate Coefficients 
< 10- 13 

Relative Rate Coefficients 
1.9 x 10- 14 (100 Torr, air) 
3.8 x 10- 15 (760 Torr, air) 
9.8 x to- 16 (6000 Torr, air) 

Reviews and Evaluations 
1.4 x 10- 12 exp( -1950/T) 
1.7 x 10- 14 exp(llOO/T) 

1000 

298 
298 
298 

300-2500 
600-1200 

Reference 

Wagner et al., 19901 

Kaiser, Lorkovic, and Wallington, 19902 

IUPAC, 19893 

Baulch et ai., 19924 

Comments 

(a) 

(b) 

(c) 
(d) 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Experimental and theoretical study of the C2Hs + O2 

reaction. Experiments were carried out in tubular 
flow reaction; C2Hs formed from the laser photolysis 
of C2HsBr or CC14-C2H6 mixtures; [C2Hs] decay and 
[C2H4] growth monitored by photoionization MS. 

(b) Study of the yields of C2H4 produced relative to the 
C2H6 consumed (GC analysis) in a system in which 
C2Hs radicals were generated from UV irradiation of 
Ch-C2H6-02-N2 (or air) mixtures. Over the pressure 
range 1-6000 Torr the percentage of C2H4 produced, 
relative to the C2H6 consumed, decreased from 12% 
to 0.02%, following a p( -0 8 ± 0 I) pressure dependence 
in air. The listed pressure-dependent k values are rel
aliv~ to valu~s of k(C2Hs + 02 + M ~ C2Hs02 + 
M) calculated from the recommended data of this 
evaluation. 

(c) Based on previous evaluations of Tsang and 
Hampson.s 

(d) Based on data of McAda.m and Walker6 and of Slagle 
et al.7 

Preferred Values 

k = 3.8 X 10- 1S cm3 molecule- I 
S-I at 298 K and 1 bar. 

k = 1.9 X 10- 14 cm3 molecule- I 
S-I at 298 K and 0.133 

bar. 

!ur ;;;;; -147.2 kJ'mol- 1 

Reliability 
~log k = ± 0.5 at 298 K. 

Comments on Pre/erred Values 
The recommended pressure-dependent values of k298 

are from the product study of Kaiser et al.2 The tempera
ture dependence of the rate coefficient has yet to be es
tablished, but at a given pressure, increasing the 
temperature leads to an increased yield of C2H4• 

For a full discussion on the mechanism of the C2Hs + 
O2 reaction see the paper of Wagner et al. 1 It is clear that 
for atmospheric conditions the interaction of C2Hs with 
O2 to form CZHS02 radicals is by far the dominant path
way. 

References 

lAo F. Wagner, I. R. Slagle, D. Sarzynski, and D. Gutman, J. Phys. 
Chern. 94. 1853 (1990). 

2E. W. Kaiser, I. M. Lorkovic, and T. J. Wallington, J. Phys. Chern. 94, 
3352 (1990). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4D. L. Baulch, C. J. Cobos, R. A. Cox, C. Esser, P. Frank, Th. Just, J. 
A. Kerr, M. J. Pilling, J. Troe, R. W. Walker, and J. Warnatz, J. Phys. 
Chern. Ref. Data 21, 411 (1992). 

5W. Tsang and R. F. Hampson, J. Phys. Chern. Ref. Data 15, 1987 
(1986). 

6K. G. McAdam and R. W. Walker, J. Chern. Soc. Faraday Trans. 2, 83, 
1509 (1987). 

71. R. Slagle, Q. Feng, and D. Gutman, J. Phys. Chern. 88, 3648 (1984). 

Low-pressure rate coefficients 

kolcm3 molecule -1 s - J 

Absolute Rate Coefficients 
1.96 x lO-.:5T- lI ':'I X 

exp( -2150IT) [He] 
5.9 x 10- 29 [He] 

Relative Rate Coefficients 
(6.5 ± 2.0) x 10- 29 [He] 

Reviews and Evaluations 
2.0 X 1O- 21!(T/300)-38 [Nz] 
2.0 x 1O-ZK(TI300)-38 [air] 

Temp./K 

296-805 

298 

298 

200-300 
200-300 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Rate coefficient data 

Reference 

Wagner et al., 1990' 

Kaiser, Wallington and Andino, 19902 

CODATA, 19843; IUPAC, 19894 

NASA,199<P 

Comments 

(a) 

(b) 

(c) 
(d) 
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Comments 

(a) C2Hs radicals were generated by photolysis of C2HsBr 
at 248 nm or photolysis of CCI4-C2H6 mixtures at 193 
nm. The experiments were carried out in a heatable 
tubular reactor coupled to a photoionization MS. 
C2Hs and C2H4 were detected in real time. He pres
sures from 0.5 to 15 Torr were used. 

(h) Mixtures of Ch-C2H6-02 and diluent gases were irra
diated using the output from UV blacklights to pro
duce C2Hs radicals. The C2H6 consumed was 
determined by either FTIR or GC with flame ioniza
tion detection (which also allowed the amount of 
C2HsCI formed to be measured). Rate coefficients 
were measured as a function of pressure (3-1500 
·Torr) relative to that of C2Hs + Ch ~ C2HsCI + Cl, 
and have been placed on an absolute basis by use of 
k(C2Hs + Ch) = 2.9 x 10- 12 cm3 molecule- 1 

S-1 at 
5 Torr. 

(c) Based on rate constants from Plumb and Ryan,6 us
ing Fe = 0.7 and assuming collision efficiencies ~c for 
N:1 and 0:1 of 0.3 and AHo = -133 kJ'mol- 1_ 

(d) From IUPAC, 1989.4 

Preferred Values 

ko = 5.9 X 10- 29(TI300)-38 [N2] cm3 molecule- 1 S-1 

over the temperature range 200-300 K. 

Reliability 
~log ko = ±0.3 at 300 K. 
t1n = ±l. 

Comments on Preferred Values 
Experiments so far have mainly been conducted using 

the bath gas He, with the previously recommended rate 
coefficients4 for M = N2 and O2 being estimated relative 
to the He data. The new study of Ref. 2 reports identical 
rate coefficients for M = He and N2 in the upper half of 
the falloff curve. For this reason, we revise the preferred 
values by' using identical ko values for M = He and N2. 
We prefer the most extensive results from Ref. 1 because 
the long falloff extrapolation to ko was done with a careful 
theoretical analysis. However, we retain the temperature 
coefficient from Ref. 6 which was determined theoreti
c.al1y_ Falloff extrapolations were made with theoretically 
derived1 values of Fe = 0.64 at 200 K and 0.54 at 300 K. 

High-pressure rate coefficient 

Rate coefficient data 

k ",fcm3 molecule -1 S-1 

Absolute Rate Coefficients 
1.3 x 10- 12 exp(420fT) 
5.3 x 10- 12 

3.67 X 1O- 14To772 exp(287fT) 

Relative Rate Coefficients 
(9.2 ± 0.9) x 10- 12 

Reviews and Evaluations 
5 x 10- 12 

5 X 10- 12 

Comments 

Temp./K 

298-400 
298 
29~805 

298 

200-300 
200-300 

(a) Pulsed radiolysis in Hz at 1 atm. C2Hs radicals gener
ated from the reaction H + C2H4, and C2Hs0 2 radi
cals were monitored by absorption at 240 nm. 

(b) See comment (a) for ko. 
(c) See comment (b) for ko• 
(d) Based on the analysis of data of Plumb and Ryan,6 

assuming that Fe = 0.7. 
(e) From IUPAC, 1989.4 

Preferred Values 

koo = 7.8 X 10- 12 cm3 molecule- 1 S-1 over the temper
ature range 200-300 K. 

Reference 

Munk et aI., 19867 

Wagner et al., 19901 

Kaiser, Wallington and Andino, 19902 

CODATA, 19843; IUPAC, 19894 

NASA,19905 

Comments 

(a) 

(b) 

(c) 

(d) 
(e) 

Reliability 
~lug koo 

300K. 
:!: 0.2 over the temperature range 200-

Comments on Prefen'ed Values 
As for ko, we prefer the more extensive data from 

Ref. 1 because of their combination with a careful theo
retical analysis. We assume a temperature independent 
rate coefficient k", below 300 K. Falloff curves were fit
ted! with an expression Fe = {0.58 exp( - T /1250) + 0.42 
exp( - TI183)} which leads to Fe = 0.64 at 200 K and 0.54 
at 300 K. Within the stated error limits, the available data 
all agree with the preferred values based on Ref. 1. 
QRRK calculations8 of the reaction are less realistic than 
the RRKM calculations of Ref. 1. The analysis of the 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 



1262 ATKINSON ET AL. 

reaction system is complicated, because there is a cou
pling of the addition reaction with the reaction forming 
C2H4, C2Hs + O2 ~ C2H 4 + H02 (see the analysis in 
Ref. 1). 

References 

IA. F. Wagner, I. R. Slagle, D. Sarzynski, and D. Gutman, 1. Phys. 
Chern. 94, 1853 (1990). 

2E. W. Kaiser, T. 1. Wallington, and 1. M. Andino, Chern. Phys. Leu. 
168,309 (1990). 

3CODATA, Supplement II, 1984 (see references"in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
61. C. Plumb and K. R. Ryan, Int. 1. Chern. Kinet. 13, 1011 (1981). 
71. Munk, P. Pagsberg, E. Ratajczak, and A. Sillesen, J. Phys. Chern. 90, 

2752 (1986). " 
111. W. Boselli and A. M. Dean, J. Phys. Chern. 94, 3313 (1990). 

High-pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 
6 x 10- 17 

Reviews and Evaluations 
6 x 10- 12 

Comments 

Temp.!K 

297 

200-300 

(a) Flow system study using photoionization MS for the 
detection of n -C3H7 radicals, which were produced 
by CO2 laser photolysis of C6F7C4H9• Only weak pres
sure dependences were observed over the range of 
He or N2 pressures from 0.4 to 6.8 Torr. The rate co
efficient decreased from 6 x 10- 12 to 2.8 X 10- 13 cm3 

molecule -1 s -lover the temperature range 297-
635 K. 

(b) Based on Ref. 1 and earlier data by Ruiz and Bayes.4 

The observed negative temperature coefficient was 
attributed to falloff effects, and experiments con
ducted near 300 K were assumed to be close to the 
high pressure limit. 

Preferred Values 

k = 6 X 10- 12 em3 moleeule- 1 S-1 at 1-10 Torr and 
298 K. 

koo = 8 X 10- 12 cm3 molecule- 1 S-1 over the tempera
ture range 200-300 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Slagle et al., 1985 1 (0) 

CODATA, 19842
; IUPAC, 19893 (b) 

Reliability 
Lllog koo 

300K. 
± 0.2 over the temperature range 200-

Comments on Preferred Values 
The available experimental data are consistent with 

each other. Because they were obtained at total pressures 
below 100 Torr, we estimate that some falloff corrections 
have to be applied, which is taken into account in the pre
ferred values. These values are consistent with experi
ments for the reactions C2Hs + O 2 + M ~ C2Hs0 2 + M 
and i -C3H7 + O2 + M ~ i -C3H702 + M (see this eval
uation). 

References 

11. R. Slagle, 1.-Y. Park, and D. Gutman, 20th International Symposium 
on Combustion, 1984 (Combustion Institute, Pittsburgh, PA, 1985), pp. 
733-741. 
2CODATA, Supplement II, 1984 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4R. P. Ruiz and K. D. Bayes, 1. Phys. Chern. 88,2592 (1984). 
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MlO = -157.9 kJ'mol- 1 

High-pressure rate coefficients 

Rate coefficient data 

k ""fcm3 molecule -1 S-1 

Absolute Rate Coefficients 
1.41 X 10- 11 

8.3 X 10- 12 

Reviews and Evaluations 
1.5 X 10- 11 

Comments 

Temp./K 

300 
300 

200-300 

(a) Fla~h photolysis sy~tem with detection of radicals by 
photoionization MS. No pressure dependence de
tected for He or N2 pressures from 1 to 4 Torr. 

(b) Pulsed radiolysis study in Hz at 1 atm. i-C3H7 gener
ated by the addition of H to C3H6 and detected by 
UV absorption at 253 nm. Absorption spectrum of i
C3H70 2 also detected. 

(c) Based on the data from reference 1. 

Preferred Values 

kao = 1.1 X 10- 11 cm3 molecule- 1 S-1 over the temper
ature range 200-300 K. 

Reliability 
dlog koo 

300K. 
± 0.3 over the temperature range 200-

Reference 

Ruiz and Bayes, 19841 

Munk et al., 19862 

CODATA, 19843; IUPAC, 19894 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 

The preferred values are taken as the average of the 
results from Ref. 1 and 2. Falloff correction5\ are prohahly 
within the uncertainties of the average. This rate coeffi
cient ka:; appears consistent with those for the reactions 
C2H5 + O2 + M ~ C2H50 2 + M and n -C3H7 + Oz + 
M ~ n-C3H702 + M (see this evaluation). 

References 

IR. P. Ruiz and K. D. Bayes, J. Phys. Chern. 88, 2592 (1984). 
2J. Munk, P. Pagsberg, E. Ratajczak, and A. Sillesen, Chern. Phys. 

Lett.132, 417 (1986). 
3CODATA, Supplement II, 1984 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 

High-pressure rate coefficients 

Rate coefficient data 

Rate Coe'fficients 
1.45 x 10- 12 

Comments 

Temp./K 

298 

(a) Pulsed radiolysis of CH3COCH3-Oz-SF6 mixtures at 
1 bar of SF6• CH3COCHz radicals were formed by the 
reaction of F atoms with CH3COCH3• At the moni
toring wavelength of 310 nm both CH3COCH2 and 
CH3COCH20 Z radicals absorb, with the absorption 
cross-section of the peroxy radical being a factor of 
1. 7 greater than that of the CH3COCH2 radical. The 

Reference Comments 

Cox et ai., 19901 (a) 

rate coefficient was evaluated by simulations of the 
above reaction together with the reaction 
CH3COCH2 + CH3COCHz0 2 ~ 2CH3COCH20. 

Preferred Values 

krx- = 1.5 X 10- 12 cm3 molecule-I S-I at 300 K. 

Reliability 
alog koo ± 0.5 at 300 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments on Pre/erred Values 
Because this is the only study of this reaction, we rec

ommend large error limits. Near atmospheric pressure 
this reaction should be close to the high pressure limit. 

M-r = -133.1 kJ'mol- 1 

References 

IR. A. Cox, J. Munk, O. J. Nielsen, P. Pagsberg, and E. Ratajczak, 
Chern. Phys. Lett. 173, 206 (1990). 

Rate coefficient data 

k/cm3 molecule -I s - 1 

Absolute Rate Coefficients 
1.3 x 10- 11 exp[ - (204 ± 180)lT] 
6.2 x 10- 12 

3.2 X 10- 12 exp(87/T) 
4.3 x 10- 12 

Reviews and Evaluations 
3.5 X 10- 12 exp(140/T) 
3.5 X 10- 12 exp(140/T) 
5.0 x 10- 12 

Comments 

Temp./K 

295-713 
295 
200-398 
298 

300-500 
200-300 
300-2500 

(a) Laser pulsed photolysis of CH3CHO; [HCO] moni
tored by photoionization MS. 

(b) Discharge-flow system; HCO generated from CI + 
HCHO and monitored by photo ionization MS. 

(c) Based on data of Veyret and Lesclaux,6 Washida 
et al.7 and Shibuya et al.B 

(d) As for comment (c) with addition of data of Langford 
and Moore.9 

(e) Based on data of Veyret and Lesclaux6 and Timonen 
et al: 

Preferred Values 

k = 5.5 X 10- 12 em3 moleeule- 1 5- 1 over the tempera
ture range 200-400 K. 

Reliability 
~log k = ±0.15 at 298 K. 
~(E/R) = ± 150 K. 

Jmments on Preferred Va [u es 
The most recent measurements of the room tempera

ture rate coefficient1
,2 are in good agreement with our 

previous recommendation.3 The above temperature-

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Timonen, Ratajczak, and Gutman, 19881 

Stief, Nesbitt, and Gleason, 19902 

CODATA, 1984; IUPAC, 19893 

NASA, 19904 

Baulch et af, 19925 

Comments 

(a) 

(b) 

(c) 
(d) 
(e) 

independent rate coefficient is the averaged room
temperature rate coefficient of the results of Washida 
et al./ Shibuya et al"s Veyret and Lesclaux,6 Timonen 
et al.1 and Stief et al.2 Taken together, the temperature 
dependent studies of Veyret and Lesclaux,6 Timonen 
et al. 1 and Stief et al.2 show that the rate coefficient of this 
reaction is essentially independent of temperature over 
the temperature range 200-400 K, within the error limits 
of the measurements. 

References 

IR. S. Timonen, E. Ratajczak, and D. Gutman, J. Phys. Chern. 92, 651 
(1988). 

2L. J. Stief, F. L. Nesbitt, and J. F. Gleason, Abstracts of papers pre
sented at the International Symposium of Gas Kinetics, Assisi, Italy, 
Sept. 1990. 

3CODATA, Supplement II, 1984; IUPAC, Supplement III, 1989 (see 
references in Introduction). 

4NASA Evaluation No.9, 1990 (see references in Introduction). 
sD. L. BiiUldl, C. J. Cuuus, R. A. Cux, C. Esst:r, P. rraIll:K, Th. Just, J. 
A. Kerr, M. J. Pilling, J. Troe, R. W. Walker, and 1. Warnatz, J. Phys. 
Chern. Ref. Data 21, 411 (1992). 

6B. Veyret and R. Lesclaux, 1. Phys. Chern. 85, 1918 (1981). 
'N. Washida, R. I. Mal tineL, and K. D. Bayes, Z. Natulfurs~h. 298, 251 

(1974). 
11K. Shibuya, T. Ebata, K. Obi, and I. Tanaka, J. Phys. Chern. 81, 2292 

(1977). 
'1A. O. Langford and C. B. Moore, J. Chern. Phys. 80, 4211 (1984). 
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CH3CO + O2 + M ~ CH3C03 + M 

\/1" = -148 kJ·mol- 1 

High-pressure rate coefficients 

Rate coefficients data 

!.. • Icm3 molecule - 1 S - 1 

,,'I"\'/ews and Evaluations 
5 x 10-12 

Comments 

Temp./K 

200-300 

(.1) Based on a direct measurement from Ref. 2 at total 
pressures of 1-4 Torr, where a rate coefficient ark = 
2 x 10- 12 cm3 moIecuIe- 1 S-1 was measured near 298 
K. This rate coefficient is consistent with a series of 
earlier relative rate measurements. 

Preferred Values 

k = 2.0 X 10- 12 cm3 molecule- 1 
S-1 at 298 K and 1-4 

Torr. 
koo = 5.0 X 10- 12 cm3 molecule- 1 S-1 over the temper

ature range 200--300 K. 

Reference Comments 

CODATA,19841 (a) 

Reliability 
.6.Iog koo 

300K. 
± 0.5 over the temperature range 200--

Comments on Preferred Values 
The preferred value is based on Ref. 2, with some 

falloff correction estimated by comparison with the reac
tion CzHs + O2 + M ~ C2H50 Z + M (this evaluation). 

References 

lCODATA, Supplement II, 1984 (see references in Introduction). 
2C. E. McDade, T. M. Lenhardt, and K. D. Bayes, J. Photochem. 20,1 

(1982). 

Rate coefficient data 

Absolute Rate Coefficients 
{2.5 x 10-9 T- 1 II + 
4.0 X 10- 10 exp( -2525/T)} 
(8.0 ± 1.5) x 10- 12 

5.6 X 10-9 exp( -1700/T) 
(8.61 ± 1.14) x 10- 12 

(8.8 ± 0.2) x 10- 12 

(1.17 ± 0.12) x 10- 11 

Reviews and Evaluations 
1.7 x 10- 11 exp( - 3600IT) 
9.8 x 1O- 1z 

9.1 X 10- 12 

Comments 

Temp./K 

298-682 

298 
215-250 
300 
298 
296 

300-2000 
298 
298 

(a) Discharge flow system in which CH20H was gener
ated from the reaction CI + CH30H in the presence 
of a large excess of O2 at total pressures of - 0.8 
Torr. The rate coefficient k was derived from the dis
appearance of CH20H, as monitored by low electron 
energy MS. 

(b) Similar system to comment (a), with total pressures 
of -1 Torr and CH20H monitored by MS. 

Reference 

Grotheer et al., 19881 

Nesbitt, Payne and Stief, 19882 

Pagsberg et al., 19893 

Miyoshi et al., 19904 

Warnatz, 19845 

IUPAC, 19896 

NASA,19907 

Comments 

(a) 

(b) 

(c) 
(d) 

(e) 
(f) 
(g) 

(c) Pulsed radiolysis generation of CH20H from F + 
CH30H, with the decay of CH20H monitored by ab
sorption at 285.5 nm. 

(d) Laser flash photolysis of CH3COCHzOH with the de
cay of CH20H monitored by photo ionization MS. 

(e) Includes high-temperature data from shock-tube and 
other studies. 

(f) Average of the data of Grotheer et al.,8 D6be et al.9 

and Payne et al. 10 

(g) Average of the data of Grotheer et ai.,s D6be et al.,9 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Payne etal.,l0 Grotheer etal.! and Nesbitt etal.2 

Preferred Values 

k = 9.4 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
dlog k = ±0.12 at 298 K. 

Comments on Preferred Values 
The rate coefficient at 298 K is now well established for 

this reaction and our recommendation is the average of 
the results of Grotheer et al., 1 Nesbitt et al.,z Pagsberg 
et al.,3 Miyoshi et al.,4 Grotheer et ai.,8 D6be et a/.9 and 
Payne et al.lD The earlier data of Wang et al. l1 and Rad
ford et al. 12 are rejected on the basis that they involved 
high concentrations of radicals, leading to mechanistic 
complications.6 The two recent studies1,z of the tempera
ture dependence of this reaction indicate that the rate co
etlicient follows a complicated non-Arrhenius behavior 
over the range 200-700 K. The existing data are difficult 
to explain and more work is needed to confirm the ob
served temperature dependence of this reaction before a 
recommendation can be made. 

AIr = -87.6 kJ'mol- 1 

Grotheer et al.! have carried out experiments replacing 
CH30H by CH30D and have observed no kinetic effect 
for the CH20H/CH20D + O2 reactions. 

References 

IH.-H. Grotheer, G. Riekert, D. Walter, and Th. Just, J. Phys. Chern., 
92,4028 (1988); idem, 22nd International Symposium on Combustion, 
1988 (Combustion Institute, Pittsburgh, PA, 1989), pp. 963-972. 

2F. L. Nesbitt, W. A. Payne, and L. J. Stief, J. Phys. Chern. 92, 4030 
(1988). 

3p. Pagsberg, J. Munk, C. Anastasi, and V. J. Simpson, J. Phys. Chern. 
93,5162 (1989). 

4A. Miyoshi, H. Matsui, and N. Wash ida, J. Phys. Chern. 94, 3016 
(1990). 

5J. Warnatz, "Rate Coefficients in the C/H/O System," in Combustion 
Chemistry, edited by W. C. Gardiner, (Springer, New York, 1984), p. 
197. 

(\IUPAC, Supplement lll, 1\)~9 (see references in Introduction). 
7NASA Evaluation No.9, 1990 (see references in Introduction). 
IIH.-H. Grotheer, G. Rickert, U. Meier, and Th. Just, BeT. Bunsenges 

Phys. Chern. 89, 187 (1985). 
·)s. Dobe, F. Temps, T. Bohland, and H. Gg. Wagner, Z. Naturforsch. 

40A, 1289 (1985). 
IIW. A. Payne, J. Brunning, M. B. Mitchell, and L. J. Stief, Int. J. Chern. 
Kinet. 20, 63 (1988). 

lIW. C. Wang, M. Smo, and L. C. Lee, J. Chern. Phys. 81, 3122 (1984). 
12H. E. Radford, Chern. Phys. Lett. 71, 195 (1980). 

Rate coefficient data 

Absolute Rate Coefficients 
{1.4 X 10-11 T- 12 + 
8.0 X 10- 111 exp( -2525/T)} 
1.56 x 10- 11 

(1.3 ± 0.2) x 10- 11 

(2.8 ± 0.2) x 10- 11 

Comments 

Temp./K 

300-682 

300 
300 
293 

(a) Discharge flow system in which CH3CHOH was gen
erated from CI + C2HsOH in the presence of a large 
excess of OJ at total pressures of -0.8 Torr. The rate 
coefficient k was derived from the disappearance of 
CH3CHOH, as monitored by low electron energy 
MS. 

(b) Pulsed radiolysis of Ar-SF6-HCI-C2H sOH-02 mix
tures at total pressures of 760 Torr and with 
[SF6] > > [HCl] > > [C2HsOH] > > [02], CH3CHOH 
was generated from CI + CzHsOH and monitored by 
UV absorption at 260 nm. 

(c) Laser flash photolysis of CH3COCHOHCH3 in a 
large excess of He at total pressures of 2-7 Torr. 
CH3CHOH was monitored by photoionization MS in 
the presence of excess O2• 

Preferred Values 

k = 1.9 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Grotheer et al., 19881 

Anastasi et 01., 19892 

Miyoshi, Matsui and Washida, 19893 

Reliability 
illog k = ± 0.3 at 298 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

The preferred value of kJQVo is the mean of the results of 
Grotheer et ai.,1 Anastasi et al.2 and Miyoshi et al? The 
rather large discrepancy between the data of Miyoshi 
et al.3 and the other two studies1

,2 could be due to the dif
ferent sources of generation of the CH3CHOH radical. 
The radical generation1,2 involving CI attack on C2HsOH 
may not be as clean a source as is the photolysis3 of 
CH3COCHOHCH3• 

The temperature dependence of the rate coefficient 
determined by Grotheer et al.1 shows a marked non
Arrhenius behavior, but this needs to be confirmed be
fore a recommendation can be made. 

Evidence for the reaction between CH3CHOH and O2 

yielding CH3CHO as a major product comes from the 
product studies of the photooxidations of ethano1.4 
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References 
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tl(mal Symposium on Combustion, 1988 (Combustion Institute, Pitts
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(1989). 

4W. P. L. Carter, K. R. Darnall, R. A. Graham, A. M. Winer, and J. N. 
Pitts, Jr., J. Phys. Chern. 83, 2305 (1979). 

Rate coefficient data 

"fcm3 molecule -1 S-1 

Absolute Rate Coefficients 
(3.0 ± 0.4) x lO-12 

Comments 

Temp./K 

293 

(a) Laser flash photolysis of CICHzCHzOH and 
BrCH2CH20H in a large excess of He at total pres
sures of 2-7 Torr. CHzCHzOH was monitored by 
photoionization MS in the presence of excess Oz. 

Preferred Values 

k = 3.0 X 10- 12 cm3 molecule- I S-I at 298 K. 

Reliability 
Alog k = ± 0.3 at 298 K. 

Comments on Preferred Values 
The direct measurements l of this rate coefficient, from 

the pulsed laser photolysis of either CICH2CHzOH or 
BrCH2CH20H as the radical source, showed a good level 
of consistency. By analogy with the reactions CZH5 + Oz 

Reference 

Miyoshi, Matsui and 
Washida, 19891 

Comments 

(a) 

+ M ~ C2HsOz + M and CH3CO + O2 + M ~ 
CH3C03 + M (this evaluation), the rate coefficient for 
this reaction is expected to be close to the high-pressure 
limit under the experimental conditions employed. The 
UV absorption spectrum of the HOCH2CHz0 2 radical 
has recently been observed2

•
3 by pulsed radiolysis of 

SF6-H20 mixtures2 and laser flash photolysis of H20l in 
the presence of C2H4 and Oz. These observations indicate 
that the reaction between CH2CH20H radicals and O2 

leads significantly to the adduct peroxy radical. 

References 

IA. Miyoshi, H. Matsui, and N. Washida, Chern. Phys. Lett. 160, 291 
(1989). 

2C. Anastasi, D. J. Muir, V. J. Simpson, and P. Pagsberg, J. Phys. Chern. 
95,5791 (1991). 

3T. P. Murrells, M. E. Jenkin, S. J. Shalliker, and G. D. Hayman, J. 
Chern; Soc. Faraday Trans. 87, 2351 (1991). 

Rate coefficient data 

kfcm3 molecule-I S-1 Temp./K Reference Comments 

Absolute Rate Coefficients 
5.5 x lO-14 exp( -1000/T) 298-450 Lorenz et al., 19851 (a) 
1.9 x lO-15 298 
2.3 x lO-14(lOOO/T)-95 exp(2768/T) 298-973 Wantuck et al., 19872 (b) 
2.1 x 10- 15 298 

Reviews and Evaluations 
1.7 x 10- 11 exp(-361OfT) 300-2000 Warnatz, 19843 (c) 
7.2 x lO - 14 exp( - 1080/T) 298-610 IUPAC, 19894 (d) 
3.9 x lO-14 exp( -900fT) 200-300 NASA,19905 (e) 
6.7 x 10 - 14 exp( - 1070/T) 300-1000 Baulch et ai., 19926 (f) 
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Comments 

(a) Laser photolysis of CH30NO with monitoring of 
CH30 by LIF, at pressures of 75 Torr of He. At 298 K 
the rate coefficient was shown to be independent of 
pressure over the range 7.5-150 Torr of He. 

(b) Laser photolysis of CH30H or CH30NO at 193 nm in 
presence of Oz plus 25 Torr of Ar. CH30 radicals 
were monitored by LIF. Non-Arrhenius behavior ob
served over entire temperature range and rate coeffi
cients were found to obey a double exponential 
expression, with k = 1.5 X 10- 10 exp( - 60281T) + 
3.6 x 10- 14 exp( -880IT) cm3 molecule- 1 S-I. 

(c) Includes high-temperature data from shock-tube and 
other studies. 

(d) See Comments on Preferred Values. 
(e) Based on the data of Gutman et al.7 and Lorenz 

et al.1 

(f) Obtained by a least square fit to the data of Gutman 
et al.7 and Lorenz et al. J 

Preferred Values 

k = 1.9 X 10-1s cm3 molecule-1 S-1 at 298 K. 
k = 7.2 X 10- 14 exp( -1080IT) cm3 molecule- 1 S-1 

over the temperature range 298-610 K. 

Reliability 
~log k = ± 0.2 at 298 K. 
~(EfR) = ± 300 K. 

MlO = -134.0 kJ'mol- 1 

Comments on Pre/erred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.4 The direct measurements of the 
rate coefficients by Lorenz et al.1 (298-450 K) and Wan
tuck et al. z (298-973 K) are in good agreement with the 
similar measurements of Gutman et al.6 (413-608 K), 
where the temperature ranges overlap. The preferred 
temperature dependence of the rate coefficient was 
derived from a least-mean-squares analysis of the three 
sets of data over the temperature range 298-608 K and is 
essentially in agreement with the most recent NASA rec
ommendation.s The higher temperature measurements 
of Wantuck et al.z give a clear indication of non-Arrhe
nius behavior over the extended temperature range. The 
anomalously low A -factor for a simple H-atom transfer 
reaction and the possibility of a more complicated mech
anism have both been noted.s 

References 

lK. Lorenz, D. Rhasa, R. Zellner, and B. Fritz, Ber. Bunsenges Phys. 
Chern. 89, 341 (1985). 

2P. J. Wan tuck, R. C. Oldcnborg, S. L. Baughcum, and K. R. Winn, J. 
Phys. Chern. 91, 4653 (1987). 

31. Warnatz, "Rate Coefficients in the C/H/O System", in Combustion 
Chemistry, edited by W. C. Gardiner, (Springer, New York, 1984), p. 
197. 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
tiD. L. Baulch, C. 1. Cobos, R. A. Cox, C. Esser, P. Franck, Th. Just, 
J. A. Kerr, M. J. Pilling, J. Troe, R. W. Walker, and J. Warnatz, 
J. Phys. Chern. Ref. Data, 21, 411 (1992). 

7D. Gutman, N. Sanders, and 1. E. Butler, J. Phys. Chern. 86, 66 (1982). 

Rate coefficient data 

k/cm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
7.1 x to- 14 exp[( -552 ± 64)/T] 295-411 
(1.08 ± 0.20) x 10- 14 295 

Reviews and Evaluations 
8.0 x to-IS 298 
1.0 x to - 13 exp( - 830/T) 300-1000 

Comments 

(a) Laser photolysis of CzHsONO in CzHsONO-Oz-He 
mixtures, with LIF monitoring of CzHsO in the wave
length range 310-330 nm. Studies carried out at a to
tal pressure of 26 Torr. 

(b) Based on the data of Gutman et al.4 

( c) Based on the mean values of kZ98 of Gutman et al.4 

and Zabarnick and Heicklen,s assuming that the A -
factor is the same as that of the reaction CH30 + Oz 
~ HCHO + HOz. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Hartmann et al., 19901 (a) 

IUPAC, 19892 (b) 
Baulch et aI., 19923 (c) 

Preferred Values 

k = 9.5 X 10- IS cm3 molecule- I S-1 at 298 K. 
k = 6.0 x 10 -14 exp( - 550fT) cm3 molecule -1 s -lover 

the temperature range 295-425 K. 

Reliability 
~log k '= ±0.2 at 298 K. 
d(EIR) = ± 300 K. 
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I '(Jf11ments on Pre/erred Values 
The preferred 298 K rate coefficient and the tempera

IIIIC dependence were obtained from the mean of the 
I \ 10m temperature rate coefficients of Gutman et al.4 

( .H)6 K) and of Hartmann et al. l (295 K) and by taking the 
I (nIDded-off value of E/R of Hartmann et al. l The rate co
('llicients of Gutman et al.4 and of Hartmann et al. l differ 
hy he tween 30 and 50%, which although within the range 
lIt the individual error limits, is somewhat higher than 
IlIIght be expected from two direct studies. 

The relative rate measurements of Zabarnick and He
Icklen5 are within the error limits which we recommend 
lor our preferred values. We have not taken these results 
IIlto account, however, owing to the uncertainty con
l crned with the rate coefficient of the reference reaction 
()f CH30 + NO --?> products. 

It should be noted that theA -factor for the above reac
tion is very low, but in keeping with that for the analogous 
reaction CH30 + O2 --?> HCHO + HOl • 

References 

10. Hartmann, J. Karthliuser, J. P. Sawerysyn, and R. Zellner, Ber. 
Bunsenges Phys. Chern. 94, 639 (1990). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
30. L. Baulch, C. J. Cobos, R. A. Cox, C. Esser, P. Franck, Th. Just, 
J. A. Kerr, M. J. Pilling, J. Troe, R. W. Walker, and J. Warnatz, 
J. Phys. Chern. Ref. Data, 21, 411 (1992). 

40. Gutman, N. Sanders, and J. E. Butler, J. Phys. Chern. 86, 66 (1982). 
5S. Zabarnick and J. Heicklen, Int. J. Chern. Kinet. 17, 455 (1985). 

Rate coefficient data 

k fem3 molecule -1 s - 1 Temp.!K 

Relative Rate Coefficients 
1.3 x 10 -13 exp[ - (879 ± 117)fT] 247-393 
6.8 x 10- 15 298 

Reviews and Evaluations 
4.2 x 10- 13 298 
8 x 10- 15 298 

Comments 

(a) Photoly:sis with 366 IlIIl rauialiull uf n-C3H70NO iu 
a static system in the presence of NO, O2, and N2 
at total pressures of > 150 Torr. Rate data based 
on measured quantum yields of C2HsCHO product. 
The rate coefficient k was measured relative to 
n-C3H70 + NO ~ products with k(n-C3H70 + O2)/ 

k(n-C3H 70 + NO) = 6.8 X 10-3 exp( 879/T), and 
placed on an absolute basis by use of k (n- C3H70 + 
NO) = 1.9 X 10- 11 cm3 molecule- 1 S-I, independent 
of temperature. This value of k(n-C3H70 + NO) is 
estimated on the assumptions (i) that the rate coeffi
cient for the reaction n-C3H 70 + NO + M ~ 
n- C3H70NO + M is approximately equal to that4 for 
the reaction CH30 + NO + M --?> CH,ONO + M 
(koc = 1.4 x 10- 11 cm3 molecule- 1 S-1 at 298 K) 
(CODATA value), and (ii) that5 kJkc 0.35 for the 
reactions n- C3HsO + NO --?> C2HsCHO + HNO (d) 
and n- C3H70 + NO (+ M) --?> n- C3H70NO ( + M) 
(c). 

Reference Comments 

Zabarnick and Hcicklen, 19851 (a) 

Oemerjian, Kerr and Calvert, 19742 (b) 
IUPAC, 19893 (c) 

(b) Estimate based on an assumed A -factor for RO + O2 

reactions and E calculated empirically from M-I 0 for 
the reaction. 

( c) See Com men ts on Preferred Values. 

Preferred Values 

k = 8 X 10- 15 cm3 molecule- l S-1 at 298 K. 

Reliability 
Lllog k = ± 0.5 at 298 K. 

Comments Oil PrefelTed Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.3 The rate coefficient at 298 K 
derived from the Zabarnick and Heicklen1 s.tl1c1y. though 
heavily dependent upon the choice of data for the refer
ence reaction, n- C3H70 + NO --?> products, is consistent 
with data for other R02 + Oz reactions obtained from 
direct studies. Here, we have selected kZ98 to be equal to 
that for the C2HsO + 02 reaction. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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The temperature coefficient determined by Zabarnick 
and Heicklen l from their relative rate system is consider
ably greater than those for the C2HsO + O2 reaction (E/R 
= 650 K) or the i- C3H7 + 02 reaction (E/R = 200 K), 
both of which were obtained from direct studies. This as
pect of the reaction requires further experimental work. 

AIr = -150.3 kJ'mol- 1 

References 

IS. Zabarnick and J. Heicklen, Int. J. Chern Kinet. 17, 477 (1985). 
2K. L. Demerjian, J. A. Kerr, and J. G. Calvert, Adv. Environ. Sci 
Technol. 4, 1 (1974). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
"K. Lellner, J. Chim. Phys.·Chim. Hiol. H4, 403 (11J~7). 
sp. Morabito and J. Heicklen, J. Phys. Chern. 89, 2914 (1985). 

Rate coefficient data 

kfcm3 molecule- I S-I Tcmp./K 

Absolute Rate Coefficients 
1.51 X 10- 14 exp[ - (200 ± 140fT)] 294--384 
7.72 x 10- 15 298 

Reviews and Evaluations 
1.5 x 10- 14 exp( - 200fT) 290-390 

Comments 

(a) Pulsed laser photolysis of isopropyl nitrite at 355 nm, 
with LIF detection of i- C)H70. Pressure range 1-50 
Torr. 

(b) See Comments on Preferred Values. 

Preferred Values 

k = 8 X 10- 15 cm3 molecule- 1 S-1 at 298 K. 
k = 1.5 X 10- 14 exp( - 200/T) cm3 molecule- t S-1 over 

the temperature range 290-390 K. 

Reliability 
dlog k = ± 0.3 at 298 K. 
d(E/R) = ± 200 K. 

Reference Comments 

Balla, Nelson, and McDonald, 19851 (a) 

IUPAC, 19892 (b) 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUP AC, 1989.2 The results of Balla et a/. 1 on the 
rate coefficient of this reaction appear reasonable in rela
tion to data for other reactions of this type. Both the rate 
coefficient and temperature coefficient require confirma
tion. 

References 

1R. J. Balla, H. H. Nelson, and J. R. McDonald, Chern. Phys. 99, 323 
(1985). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 

CHa + 0 3 ~ products 

Rate coefficient data 

k/cm3 molecule-I S-I Temp./K Reference Comments 

Absolute Rate Coefficients 
5.1 x 10- 12 exp[ - (210 ± 84)/T] 243-384 PaJtcnghi, Ogryzlo and Bayes, 19841 (a) 
(2.53 ± 0.54) x 10- 12 298 

Reviews and Evaluations 
5.1 x 10- 12 exp( -210/T) 240-400 IUP AC, 19892 (b) 
5.4 x 10- 12 exp( -220fT) 200-300 NASA, 19903 (c) 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

1.1) Revised calculations of the measurements of Ogryzlo 
et al.4 

(11) See Comments on Preferred Values. 
It) Based on the data of Ogryzlo et al.4 

Preferred Values 

k = 2.5 X 10- 12 cm3 molecule- 1 
S-1 at 298 K. 

k = 5.1 X 10- 12 exp( -210/T) cm3 molecule- 1 
S-1 over 

I he temperature range 240-400 K. 

!\/'liability 
~log k = ± 0.3 at 298 K. 
~(E/R) = ± 200 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.2 The slight change from the earlier 
evaluation5 takes account of the revised calculations on 
the data of Ogryzlo et al.,4 which result from a correction 
for the pressure drop along the flow tube between the re
action vessel and the manometer. 

References 

IR. Paltenghi, E. A. Ogryzlo, and K. D. Bayes, J. Phys. Chern. 88, 2595 
(1984). 

zIUPAC, Supplement III, 1989 (sec references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4E. A. Ogryzlo, R. Paltenghi, and K. D. Bayes, Int. J. Chern. Kinet. 13, 

667 (1981). 
5CODATA, Supplement II, 198-1 (see references in Introduction). 

CH30 + NO + M ~ CHaONO + M (1) 

CHaO + NO ~ HCHO + HNO (2) 

.'ll10(1) = -173.2 kJ'mol- 1 

.\11°(2) = -116.9 kJ'mol- 1 

Low pressure rate coefficients 

Rate coefficient data 

Ahsolute Rate Coefficients 
3 x 1O- 2H [He] 
1.35 x 1O- 29(TI298)-38 [Ar] 
1.8 x 1O- 29(TI300)-32 [Ar] 

Reviews and EvaluatIOns 
6 X 1O- z8 [Nz] 

Comments 

Temp./K 

298 
296-573 
220-473 

298 

(a) Laser photolysis of CH30NO at 248 or 351 nm in the 
presence of NO. The rate coefficient k was deter
mined from the rate of recovery of CH30NO by time
resolved laser absorption at 257 nm. Falloff curve 
measured over the range 3.8-375 Torr. ko extrapo
lated using F" --- 0.6. 

(b) Laser pulsed photolysis of CH30NO at 260 nm in the 
presence of NO. The CH30 radical decay was moni
tored by laser-induced fluorescence at 298.5 nm. 
Rate coefficients were measured up to 125 Torr of 
Ar or CF4 diluent. Evaluation of the chemical activa
tion system CH30 + NO ~ CH30NO*, 
CH30NO* + M ~ CH30NO + M, and CH30NO* 
~ HCHO + HNO using an extended Lindemann
Hinshelwood mechanism. At low pressures the dis
proportionation reaction CH30 + NO ~ HCHO + 
HNO dominated (k2 = 5.0 X 10- 12(T/298)-06 cm3 

molecule- 1 S-I). 

Reference 

Zellner, 19871 

Frost and Smith, 19902 

McCaulley et al., 19903 

IUPAC, 19894 

Comments 

(a) 
(b) 
(c) 

(d) 

(c) Discharge flow study with LIF detection of CH30 
near 320 nm. Measurements were made over the 
pressure range 0.75-5.0 Torr in He or Ar. The dis
proportionation reaction CH30 + NO ~ HCHO + 
HNO was measured by molecular beam MS (k2 
1.3 X 10- 12 exp(250/T) cm3 molecule- 1 S-I). 

(d) Based on the data from Ref. 1. 

Preferred Values 

kol = 1.6 X 10-2~(T/300)-35 [N2] cm3 molecule- 1 S-1 

over the temperature range 200~00 K. 
k2 = 4 X 10- 12(T/300)-07 cm3 molecule- 1 S-1 over the 

temperature range 200-400 K. 

Reliability 
dlog kol = ± 0.1 at 300 K. 
dn = ±O.5 
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Comments of Preferred Values 
The new experiments from Refs. 2 and 3, on which the 

preferred values for kol are based, allow for a separation 
of the combination and disproportionation reactions. A 
broadening factor Fc = 0.6 was used for the combination 

part of the reaction. The disproportionation/combination 
ratio k.J(kl + k2) from Refs. 2 and 3 at 8 Torr total pres
sure is in excellent agreement with the result of 0.45 from 
Jenkin et al.s Apparently the distinction between reac
tions (1) and (2) was not possible in Refs. 2 and 3 .. 

High-pressure rate coefficients 

Rate coefficient data 

k"'1/cm3 mo)ecu)e- 1 S-1 

Absolute Rate Coefficients 
1.4 X 10- 11 

3.6 x 1O- 11(T/298)06 

Review and Evaluations 
3 X 10-11 

2 X 10- 11 

Comments 

(a) See comment (a) for k al -

(b) See comment (b) for kol• 

Temp.!K 

298 
296-573 

300-400 
200-400 

(c) Comparison of RONa + M ~ RO + NO + M dis
sociation data. Calculations via the equilibrium con
stants led to a constant value of k for RO + NO + 
M ~ RONa + M which was independent of R up 
to Cs• 

(d) Based on reference 1 and earlier results from methyl 
nitrite photolysis. 

Preferred Values 

ka>l = 3.6 X 10- 11(T/300)-06 over the temperature 
range 200-400 K. 

Reliability 
~log koo l = ±0.5 at 300 K. 
an = ±O.S. 

Reference Comments 

Zellner, 19871 (a) 
Frost and Smith, 19902 (b) 

Atkinson and Lloyd, 19846 (c) 
CODATA, 19827; IUPAC, 19894 (d) 

Comments on Preferred Values 
The preferred values are those from Ref. 2. Because 

the~e h:lVe heen evaluated with Fe = 1, an increase of k"l 
is expected when an analysis with a smaller value of Fc is 
done. 

References 

lR. Zellner, J. Chim. Physique 84, 403 (1987). 
2M. J. Frost and I. W. M. Smith, J. Chern. Soc. Faraday Trans. 86, 1757 

(1990). 
3J. A. McCaulley, A. M. Moyle, M. F. Golde, S. M. Anderson, and F. 
Kaufman, J. Chern. Soc. Faraday Trans. 86, 4001 (1990). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
5 M. E. Jenkin, G. D. Hayman, and R. A. Cox, J. Photochem. A, 42,187 

(1988). 
6R. Atkinson and A. C. Lloyd, J. Phys. Chern. Ref. Data 13,315 (1984). 
7CODATA, Supplement I, 1982 (see references in Introduction). 

C2HsO + NO + M ~ C2HsONO + M (1) 

Alr(l) = -176.9 kJ'mol- 1 

AlfO(2) = -139.3 kJ'mo)-1 

CZH50 + NO --> CHaCHO + HNO (2) 

High-pressure rate coefficients 

Rate coefficient data 

Temp.!K Reference 

Absolute Rate Coefficients 
(4.4 ± 0.4) x 10- 11 298 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) 
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Comments 

( .1) Laser photolysis of C2HsONO at 266 nm in the pres
ence of NO. The reaction was followed by monitoring 
the decay of C2HsO radicals by LIF at 322.8 nrn. The 
same rate coefficients were found in the presence of 
15 or 100 Torr of Ar. 

Preferred Values 

k 00 1 = 4.4 x 10- II crn3 molecule -1 s -lover the temper
. lIure range 200-300 K. 

k2 ::: 1.3 X 10- 11 cm3 molecule- 1 
S-1 at 300 K. 

!\"Iiability 
Lllog koo 1 ±0.3 at 300 K. 
!In = ±O.S. 

Comments on Pre/erred Values 
The value of kool appears consistent with values for re

lated reactions such as CH30 + NO + M ~ CH30NO 
+ M andi-C3H70 + NO + M ~i-C3H70NO + M (see 
this evaluation). The value of k2 is estimated via the pre
ferred value of koo 1 and the ratio kJkool = 0.3 such as 
measured in Ref. 2. 

References 

1M. J. Frost and I. W. M. Smith, J. Chern. Soc. Faraday Trans. 86, 1757 
(1990) . 

2G. Baker and R. Shaw, J. Chern. Soc. A, 6965 (1965). 

i-C3H70 + NO + M ~ i-C3H70NO + M (1) 

i .. C3H70 + NO ~ (CH3hCO + HNO (2) 

\/1°(2) = -155.6 kJ'rnol- 1 

High-pressure rate coefficients 

Rate coefficient data 

J.. ,. tlcrn3 molecule - I S - I 

lhwlute Rate Coefficients 
3.4 x 10- 11 

/(('views and Evaluations 
3 x 10- 11 

Temp./K 

298 

300-400 

Comments 

(a) Pulsed laser photolysis at 355 nm of i-C3H70NO in 
the presence of NO. i-C3H 70 was detected by LIF. 
No dependence of the rate coefficient was observed 
over the pressure range 1-50 Torr. The small nega
tive temperature dependence (k 1.2 x 10-1I 

exp(310/T) cm3 molecule- 1 S-I) observed over the 
range 298-383 K may be attributed to falloff effects. 

(b) Results on the reverse dissociations of RONO were 
converted via the equilibrium constants. 

Preferred Values 

koo 1 = 3.4 X 10- 11 cm3 molecule- 1 
S-1 over the temper

ature range 200-300 K. 
k2 = 6.S X 10- 12 cm3 molecule-I S-I at 300 K. 

Reliability 
dlog koo 1 = ±0.3 at 300 K. 
dn ::: ±O.S. 
Lllog k2 = ± 0.5. 

Reference Comments 

Balla, Nelson and McDonald, 19851 (a) 

Atkinson and Lloyd, 19842 (b) 

Comments on Pre/erred Values 
The values for kcx;1 for related reactions such as CH30 

+ NO + M ~ CH30NO + M and C2HsO + NO + M 
- CZH 50NO + M (see this evaluation and Ref. 2) are 
consistent with the preferred values based on Ref. 1. The 
value of k2 is obtained from the preferred koo 1 and the rate 
coefficient ratio k2/kl ::: 0.19 ± 0.03, independent of 
temperature, measured in Ref. 3. 

References 

IR. J. Balla, H. H. Nelson, and J. R. McDonald, Chern. Phys. 99, 323 
(1985). 

2R. Atkinson and A. C. Lloyd, J. Phys. Chern. Ref. Data 13,315 (1984). 
3L. Batt and R. T. Milne, Int. J. Chern. Kinet. 9, 141 (1977). 
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CH30 + N02 + M -+ CH30N02 + M (1) 

CH30 + N02 -+ HCHO + HONO (2) 

AH°(1) = -170.5 kJ'mol- 1 

AHO(2) = - 238.9 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

kOl/cm3 molecule - I S-1 

Absolute Rate Coefficients 
2.6 x 1O-29(T/300)-45 [He] 
(1.6 ± 0.6) x 10-29 [He] 
(2.8 :t 0.6) x 10-29 [Ar] 
(3.4 ± 1.0) x 10-29 [CF4] 

(2.0 ± 0.5) x 10-29 [Ar] 

Reviews and Evaluations 
2.6 x 1O- 29(TI300}-45 [He] 

Comments 

Temp./K 

220-473 
295 
295 
295 
390 

200-400 

(a) Studied using a discharge flow system over the pres
sure range 0.6-4 Torr of He. CH3 produced by IR 
laser dissociation of C6F60CH3, followed by the reac
tion CH3 + N02 -+ CH30 + NO, with CH30 being 
monitored by LIF. Direct measurements of the 
branching ratio kdk2 were not possible. A separation 
was performed by assuming that reaction (1) was in 
the low pressure limit which led to a value of k2 = 
1 X 10- 11 exp( -1150/T) cm3 molecule- 1 S-I. 

(b) Laser photolysis of CH30NO-NO mixtures at 266 
nm with CH30 being monitored by LIF at 298.5 nm. 
Rate coefficients were measured over the total pres
sure ranges 30-100 Torr of He, 6-100 Torr of Ar and 
30-125 Torr of CF4• Falloff curves were fitted to the 
experimental data using the Fe values of 0.41, 0.44, 
and 0.48 for He, Ar, and CF4, respectively. The asso
ciation reaction (1) appears to dominate over reac
tion (2). 

( c) The derived values for ko and its temperature coeffi
cient were in good agreement with theoretical simu
lations by Patrick and Golden.4 

Reference 

McCaulley et al., 1985 1 

Frost and Smith, 19902 

IUPAC, 19893 

Preferred Values 

Comments 

(a) 
(b) 

(c) 

kol = 2.8 X 10-29(T/300)-45 [N2] over the temperature 
range 200-400 K. 

Reliability 
dlog kol ± 0.3 at 300 K. 
dn = ±l. 

Comments on Preferred Values 
The agreement between the two studies appears satis

factory, in particular if the different ways of treating the 
falloff curve are taken into account. We assume similar 
values of ko for M = Ar and N2. Falloff curves are con
structed with Fe = 0.44 at 300 K such as chosen in Ref. 2. 
Reaction (2) appears to play only a minor role at pres
sures above 10 Torr [see k2 value in comment (a)]. 

High-pressure rate coefficients 

k co Itcm3 molecule - I S-1 

Absolute Rate Coefficients 
(2.0 ± 0.4) x 10- 11 

Reviews and Evaluations 
1.5 x 10- 11 

1.5 X 10- 11 

Temp./K 

295 

300-400 
300-400 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Rate coefficient data 

Reference 

Frost and Smith, 19902 

Atkinson and Lloyd, 19845 

CODATA, 19821i; IUPAC, 19893 

Comments 

(a) 

(b) 
(c) 
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Comments 

II See comment (b) for kol' 
1'1 Derived on the basis that kee(RO + NO + M)/ 

k",,(RO + NOz + M) = 2 independent of tempera
ture and taking koo{RO + NO + M) = 3 X 10- 11 

em3 molecule -1 s -I, irrespective of R. 
I. ) This value of k00 1 can only be a lower limit if falloff 

curves are broader than assumed. 

Preferred Values 

1..'''1 = 2 x 10- 11 cm3 molecule- 1 s-loverthe temper-
1111 rc range 200-400 K. 

1,'(lIability 
Lllog k00 1 = ±0.3 at 300 K. 
fu1 = ±O.S. 

Comments on Preferred Values 
The preferred k 00 1 value based on Ref. 2 appears con

sistent with the values for the related reactions RO + 
NO + M ~ RONO + M (with R = CH3, CzHs, i -C3H7, 
see this evaluation). Falloff curves are constructed with 
Fe = 0.44 from Ref. 2. Reaction (2) appears to be only of 
minor importance [see comment (a) for kot)]. 

References 

IJ. A. McCaulley, S. M. Anderson, J. B. Jeffries, and F. Kaufman, 
Chern. Phys. Lett. 115, 180 (1985). 

2M. J. Frost and I. W. M. Smith, J. Chern. Soc. Faraday Trans. 86,1751 
(1990). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4R. Patrick and D. M. Golden, Int. J. Chern. Kinet. 15, 1189 (1983). 

5R. Atkinson and A. C. Lloyd, J. Phys. Chern. Ref. Data 13,315 (1984). 
tiCODATA, Supplement I, 1982 (see references in Introduction). 

C2HsO + N02 + M ~ C2HsON02 + M (1) 

C2HsO + N02 ~ CH3CHO + HONO (2) 

.\/10(1) = -170.0 kJ'mol- 1 

.ilfD(2) = -261.3 kJ'mol- 1 

High-pressure rate coefficients 

Rate coefficient data 

I.. 00 l/cm3 molecule - I S - I 

Absolute Rate Coefficients 
(2.8 ± 0.3) x 10- 11 

Temp./K 

295 

Comments 

(a) Laser photolysis of C2HsON02 at 266 nm in the pres
ence of NOz• The reaction was followed by monitor
ing the decay of C2HsO radicals by LIF at 322.8 nm. 
The same rate coefficients were found in the pres
ence of 1.5 or 100 Torr of Ar. 

Preferred Values 

koo l = 2.8 X 10- 11 cm3 molecule- 1 S-l over the temper
ature range 200-300 K. 

Reliability 
Alog koo l = ±0.3 at 300 K. 
An = ±O.S. 

Reference Comments 

Frost and Smith, 19901 (a) 

Comments on Preferred Values 
The value of keel appears consistent with values for re

lated reactionsz such as RO + NO + M ~ RONO + M 
(with M = CH3, CzHs, and i-C3H7) or CH30 +N02 + 
M ~ CH30NOz + M (see this evaluation). Reaction (2) 
appears to be of minor importance (kJkocI < 0.2) in the 
high-pressure range of the reaction' (st:::t::: alsu tht::: CH30 
+ N02 reaction system; this evaluation). 

References 

1M. J. Frost and I. W. M. Smith, J. Chern. Soc. Faraday Trans. 86,1751 
(1990). 

2R. Atkinson and A. C. Lloyd, J. Phys. Chern. Ref. Data 13, 315 (1984). 
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i-C3H70 + N02 + M -+ i-C3H70N02 + M (1) 

i -C3H70 + N02 -+ (CH3hCO + HONO (2) 

Mr(l) = -171.7 kJ'mol-1 

Mr(2) = -277.6 kJ'mol- 1 

High-pressure rate coefficient 

Rate coefficient data 

Absolute Rate Coefficients 
3.5 x 10- 11 

Comments 

Temp./K 

298 

(a) Pulsed laser photolysis of isopropyl nitrite at 355 nm 
in the presence of N02• i-C3H70 was detected by 
LIF. By extrapolation to zero laser power, a rate co
efficient of krJ:ll = 1.5 X 10- 11 exp(250/T) cm3 

molecule -I s -I was derived from measurements over 
the temperature range 295-384 K. No pressUJ-e de
pendence was observed between 1 and 10 Torr. Re
action (2) appears to be the minor channel (kzlka:1 < 
0.2) in the high pressure range of reaction (1). 

Preferred Values 

krJ:lI = 3.5 X 10-1l cm3 molecule- l S-I over the temper
ature range 200-300 K. 

Mr = -49.9 kJ'mol- 1 

Reference 

Balla, Nelson and McDonald, 19851 

Reliability 

~og koo 1 = ±O.3 at 300 K. 
~ = ±0.5. 

Comments on Preferred Values 

Comments 

(a) 

This recommendation is based on Ref. 1. The values of 
k 00 1 are consistent with other related reactions such as 
RO + NO + M - RONO + M and RO + N02 + M 
-+ RON02 + M (with R = CH3, C2Hs, i-C3H7; see this 
evaluation and reference 2). It is estimated that k2/k..,1 < 
0.2. 

References 

lR. J. Balla, H. H. Nelson, and J. R. McDonald, Chern. Phys. 99, 323 
(1985). 

2R. Atkinson and A. C. Lloyd, J. Phys. Chern. Ref. Data 13, 315 (1984). 

Rate coefficient data 

k/cm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
2.1 x 10- 12 exp[(380 ± 250)/TJ 218-365 
(7.7 ± 0.9) x 10- 12 296 
(8.6 ± 2.0) x 10- 12 295 
(7 ± 2) x 10- 12 298 

Reviews and Evaluations 
4.2 X 10- 12 exp(180/T) 240-360 
4.2 x 10- 12 exp(180/T) 200-300 

Comments 

(a) CH30 2 radicals were produced from the flash photol
ysis of Ch in the presence of CH4 and O2, and moni
tored by UV absorption at 270 nm. The rate 
coefficient k was independent of pressure over the 
range 70-600 Torr. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Simonaitis and Heicklen, 19811 (a) 

Plumb et al., 19812 (b) 
Zellner, Fritz and Lorenz, 19863 (c) 

CODATA, 1984; IUPAC, 19894 (d) 
NASA,19905 (e) 

(b) Discharge flow system with CH30 2 radicals being 
generated from Cl + CH4-02 reactions and moni
tored by MS. 

(c) Pulsed laser photolysis of (CH3)2Nr 02-NO mix
tures, with CH30 2 radicals being monitored by UV 
absorption at 257 nm. 

(d) See Comments on Preferred Values. 
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( r) The k298 rate coefficient was the average of the data 
of Sander and Watson,6 Ravishankara et al./ Cox 
and Tyndall,S Plumb et al.,2 Simonaitis and Heicklen l 

and Zellner et al.3 

Preferred Values 

k = 7.6 X 10- 12 cm3 molecule- I 
S-I at 298 K. 

k = 4.2 X 10- 12 exp(180/T) cm3 molecule- I 
S-I over 

the temperature range 240-360 K. 

!,cliability 
dlog k = ±0.1 at 298 K. 
d(E/R) = ± 180 K. 

( 'omments on Preferred Values 
There have been no new data on this reaction since 

1986, and here we largely reproduce our previous data 
"heet, CODATA, 1984 combined with the subsequent 
( 'omments.4 The recommended rate coefficient at 298 K 
1\ the average of the data of Sander and Watson,6 Ravis
"ankara et al.,' Cox and Tyndall,8 Plumb et al.z and 
Zellner et al.3 We recommend the slight negative temper
.Iture dependence of the rate coefficient obtainedS by a 

least-squares analysis of the results of Ravishankara 
et al.7 and Simonaitis and Heicklen.1 Ravishankara et al.7 

have shown that the channel leading to N02 accounts for 
at least 80% of the reaction and Zellner et al.3 and Zell
ner9 have shown, from product studies, that <f>/(CH30) = 
1.0 ± 0.2. These results, along with the indirect evidence 
of Pate et al., 10 confirm that the product channel to give 
CH30 and N02 is the major, if not the only, reaction' 
pathway. 

References 

IR. Sirnonaitis and J. Heicklen, J. Phys. Chern. 85, 2946 (1981). 
21. e. Plumb, K. R. Ryan, J. R. Steven, and M. F. R. Mulcahy, J. Phys. 

Chern. 85, 3136 (1981). 
3R. Zellner, B. Fritz, and K. Lorenz, J. Atrnos. Chern. 4, 241 (1986). 
4CODATA, Suppklllt.:J1t II, 1984; IUPAC, SUppklllt:llt III, 1989 (:.t:t: 

references in Introduction. 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
oS. P. Sander and R. T. Watson, J. Phys. Chern. 84, 1664 (1980). 
7A. R. Ravishankara, r. L. Cisele, N. M. Krcuttel-, and P. H. Wine, J. 

Chern. Phys. 74, 2267 (1981). 
1lR. A. Cox and G. Tyndall, Chern. Phys. Lett. 65,357 (1979); J. Chern. 

Soc. Faraday Trans. 2, 76, 153 (1980). 
'JR. Zellner, J. Chim. Phys. Phys. Chim. BioI. 84, 403 (1987). 
JOe. T. Pate, B. J. Finlayson, and J. N. Pitts, Jr., J. Am. Chern. Soc. 96, 
6554 (1974). 

C2Hs0 2 + NO ~ C2HsO + N02 (1) 

C2Hs0 2 + NO + M ~ C2HsON02 + M (2) 

~HO(I) = - 45.6 kJ'rnol- 1 

!J.HO(2) = -215.6 kJ'rnol- 1 

Rate coefficient data k = (kl + k2 ) 

!.. fcrn3 molecule -I S-I Ternp./K 

Absolute Rate Coefficients 
(2.7 ± 0.2) x 10- 12 298 
(8.9 ± 3.0) x 10- 12 295 

Branching Ratios 
k-dk ~ 0.014 (735 Torr air) 299 

Reviews and Evaluations 
8.9 x 10- 12 298 
k2/k ~ 0.014 298 

Comments 

(a) C2Hs0 2 radicals were generated from the flash pho
tolysis of azoethane in the presence of O2 and moni
tored by UV absorption at 250 nm. The rate 
coefficient k was obtained from the pseudo-first-or
der decay of C2Hs0 2 in the presence of NO. 

(b) Discharge flow system with MS analysis. CZHS02 rad
icals were generated from CI + C2H6-02 reactions; 
C2Hs0 2 + ions could not be detected. The rate coeffi
cient k was based on a complex analysis of rate of for
mation of N02, with account taken of the reaction 

Reference Comments 

Adachi and Basco, 19791 (a) 
Plumb e/ al., 19822 (b) 

Atkinson et al., 19823 (c) 

CODATA. 19844; IUPAC 19895 (0) 

(d) 

HOz + NO> HOI NO,l. The branching ratios 
were based on the amount of NOz produced. 

(c) Product study of the OH radical-initiated or CI atom
initiated photooxidation of C2H6 in NOx-air mixtures 
at atmospheric pressure. HO radicals generated from 
photolysis of CH30NO and CI atoms generated from 
photolysis of Cb. The branching ratio was deter
mined from GC analysis of C2HsON02 (presumed to 
be formed from the reactions C2Hs0 2 + NO ~ 
C2Hs0 2NO* ~ C2HsON02) relative to the rate of 
consumption of C2H6. 

(d) See Comments on Preferred Values. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Preferred Values 

k = 8.9 X 10-12 cm3 molecule- 1 S-1 at 298 K. 
kJk ~ 0.014 at 298 K and 1 bar pressure. 

Reliability 
~log k = ± 0.3 at 298 K. 

Comments on Preferred Values 
This data sheet is largely reproduced from our previous 

evaluation, CODATA, 1984,4 combined with the subse
quent Comments.s The discrepancy between the data of 
Adachi and Basco1 and Plumb et al.2 remains unex
plained. Since, however, the technique of Adachi and 
Bascol gave a low rate constant for the analogous reac
tion CH30 Z + NO -J>. CH30 + NOz, it seems likely that 
the results of these authors are in error. It has been sug
gested6 that for the CH302 + NO system of Adachi and 

Basco,l the formation of CH30NO could lead to interfer
ence at the wavelength used to measure the CH302 ab
sorption and hence to a low value of measured rate 
coefficient. A similar argument can be applied to the data 
of Adachi and Basco1 for the C2Hs02 + NO reaction. 

The pn::fencd ratc l:ucfficicnt at 298 K is that of Plumb 
et al.,2 and the preferred branching ratio is that of Atkin
son et al.3 

References 

1H. Adachi and N. Basco, Chern. Phys. Lett. 64, 431 (1979). 
21. C. Plumb, K. R. Ryan, J. R. Steven, and M. F. R. Mulcahy, Int. J. 

Chern. Kinet. 14, 183 (1982). 
3R. Atkinson, S. M. Aschmann, W. P. L. Carter, A. M. Winer, and J. N. 

Pitts, Jr., J. Phys. Chem. 86, 4563 (1982). 
4CODATA, Supplement II, 1984 (see references in Introduction). 
sIUPAC, Supplement III, 1989 (see references in Introduction). 
tiS. P. Sander and R. T. Watson, J. Phys. Chern. 84, 1664 (1980). 

n-CaH702 + NO -?n-C3H70 + N02 (1) 

n -CaH702 + NO + M ----:. n -CaH70N02 + M (2) 

Rate coefficient data (k = k1 + k2) 

klcm3 rnolecule- 1 S-1 Temp./K 

Branching Ratios 
kl/k = 0.020 ± 0.009 (735 Torr air) 299 

Reviews and Evaluations 
8.9 x 10- 12 298 
k2/k = 0.020 298 

Comments 

(a) Photolysis of CH30NO-NO-C3HH or Ch-NO-C3HH 

mixtures at total pressures of 735 Torr in air. Branch
ing ratio determined from yields of n -C3H 70N02 

product together with consumption of C3HH• 

(b) See Comments on Preferred Values. 

Preferred Values 

k = 8.9 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 
kJk = 0.020 at 298 K and 1 bar pressure. 

Reliability 
alog k = ± 0.3 at 298 K. 
~(k2ik) = ± 0.01 at 298 K (1 bar). 

Comments on Preferred Values 
This data sheet is largely reproduced from our previous 

evaluation, CODATA, 1984,3 combined with the subse-

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Atkinson 1'1 al., 19R21 (a) 

IUPAC, 19892 (b) 

qllent romment~.2 We h:we a~~l1med that the rate coeffi. 
dent at room temperature for the overall reaction has the 
same value as that of the reaction C2Hs0 2 + NO ----:. prod· 
ucts. The preferred branching ratio is that determined by 
Atkinson et al. 1 

Carter and Atkinson4 have recently described a revised 
method of calculating the effects of temperature and 
pressure upon the ratio kzJkh based on the pressure fall
off treatment of Troe (see Introduction). 

References 

lR. Atkinson, S. M. Aschmann, W. P. L. Carter, A. M. Winer, and J. N. 
Pitts. Jr .. J. Phys. Chem. 86. 4563 (1982). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3CODATA, Supplement II, 1984 (see references in Introduction). 
4W. P. L. Carter and R. Atkinson, J. Atmos. Chern. 8, 165 (1989). 
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i-C3H702 + NO ~ i-C3H70 + N02 (1) 

i-C3H702 + NO + M ~ i-C3H70N02 + M (2) 

\/r(I) = -40.5 kJ'mo\-l 
\1/°(2) ;; -212.2 kJ'mol- 1 

Rate coefficient data (k = k, + k2 ) 

J.. !Lm3 molecule- 1 S-1 Temp./K 

IhlOlute Rate Coefficients 
(3.5 ± 0.3) x 10- 12 298 

IIIi1nching Ratios 
k-jk = 0.042 ± 0.003 (735 Torr air) 299 

Ut'l'leWS and Evaluations 
K9 X 10- 12 298 
k-jk = 0.043 298 

Comments 

(a) Flash photolysis of azoisopropane in the presence of 
Oz, NO and added He at total pressures of 55-401 
Torr. i -C3H 70z radicals were monitored by absorp
tion at 270 nm. The rate coefficient k was derived 
from modeling of the i -C3H 70z time-concentration 
profiles on the basis of a mechanism of 8 reactions 
including secondary reactions of i -C3H70 radicals. 

(b) Photolysis of CH30NO-NO-C3H8 or Clz-NO-C3H8 
mixtures at total pressures of 735 Torr of air. Branch
ing ratio determinedz from yields of i -C3H 70NOz 
product together with consumption of C3H 8. Carter 
and Atkinson3 have recalculated the branching ratio, 
listed above, from the original dataZ on the basis of 
revised data for the rate coefficients of the HO + 
alkane reactions. 

( c) The value of k was assumed to be equal to that of the 
reaction C::HsOz + NO ~ products and the branch
ing ratio was taken from Atkinson et al.z 

Preferred Values 

k = 8.9 X 10-12 cm3 molecule- 1 S-l at 298 K. 
kz/k = 0.042 at 298 K and 1 bar pressure. 

Reliability 
~Iog k = ± 0.5 at 298 K. 
~(kz/k) = ± 0.01 at 298 K (1 bar). 

Reference Comments 

Adachi and Basco, 19821 (a) 

Atkinson et al., 19822; (b) 
Carter and Atkinson, 19893 

IUPAC, 19894 (c) 

Comments on Preferred Values 
Tn k~~pine with th~ n-CJH,02 + NO reaction, we have 

assumed that the rate coefficient at room temperature for 
the overall reaction has the same value as that of the re
action CzHsOz + NO ~ products. Thus the preferred 
value is considerably larger than that reported by Adachi 
and Basco l (inadvertently omitted from previous IUPAC 
evaluations). This latter value is subject to the same crit
icism as for their data on the CH30 2 and C2Hs0 2 radical 
reactions with NO (see data sheets for the CH30 2 + NO 
and C2Hs02 + NO reactions). The preferred branching 
ratio is that recalculated by Carter and Atkinson.3 

Carter and Atkinson3 have recently described a revised 
method of calculating the effects of temperature and 
pressure upon the ratio kz/kJ, based on the pressure fall
off treatment of Troe (see Introduction). 

References 

IH. Adachi and N. Basco, Int. J. Chern. IGnet. 14, 1243 (1982). 
2R. Atkinson, S. M. Aschmann, W. P. L. Carter, A. M. Winer, and J. N. 

Pitts, Jr., J. Phys. Chern. 86,4563 (1982). 
3W. P. L. Carter and R. Atkinson, J. Atmos. Chern. 8, 165 (1989). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
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CH3C03 + NO ~ CH3 + COz + NOz 

MfO = -133 kJ'mol- 1 

Rate coefficient data 

Absolute Rate Coefficients 
(2.1 ± 0.5) x 10-11 

1.85 X 10- 11 

Reviews and Evaluations 
1.4 x 10- 11 

Comments 

Temp./K 

304-321 
283-313 

298 

(a) Thermal decomposition of PAN (synthesized in situ) 
in an environmental chamber in NO-N02-air mix
tures. The rate coefficient ratio k/k(CH3C03 + 
NO:z) was determined from the effect of [NO]I[NOz] 
on the rate of the thermal decomposition of PAN. 
The cited value of k is the average calculated from 
the measured values of k/k(CH3C03 + N02) com
bined with the corresponding value4 of k (CH3C03 + 
N02) at total pressures of 22, 75, 225, and 750 Torr. 

(b) Similar experimental approach as in comment (a) but 
without in situ synthesis of PAN. A rate coefficient 
ratio of k/k(CH3C03 + N02) = 1.95 ± 0.28 was de
termined, independent of temperature, at a total 
pressure of 740 Torr. The cited value of k is calcu
lated takingk/k(CH3C03 + N02) = 9.5 x 10- 12 cm3 

molecule- 1 S-1 at a total pressure of 740 Torr, inde
pendent of temperature.4 

(c) Calculated from the average value of the ratio 
k/k(CH3C03 + N02) of Refs. 5-7, together with 
k(CH3C03 + N02) = 6 x 10-12 cm3 molecule- 1 S-1 
(CODATA, 19828

). 

Preferred Values 

k = 2.0 X 10- 11 cm3 molecule- 1 s-t, independent of 
temperature over the range 280-325 K. 

Reliability 
alog k = ± 0.2 over the temperature range 280-325 K. 
~(E/R) = ±6oo K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Kirchner, Zabel and Becker, 19901 

Tuazon, Carter and Atkinson, 199}2 

IUPAC, 19893 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 

The two recent studies1.2 of the rate coefficient ratio 
k/k(CH3C03 + N02) are in good agreement and, to
gether with revised data for the rate coefficient 
k(CH3C03 + N02), enable the error limits which were 
previously recommended3 to be considerably reduced. 
Thus, the preferred value has been obtained from the 
mean value of k/k(CH3C03 + N02) 2.1 ± 0.3 
obtained from the data of Kirchner et al. 1 and Tuazon 
et al.,2 at total pressures of 740 and 750 Torr of air. Over 
the temperature range 283-321 K these two sets of data 
indicate that this ratio is essentially temperature 
independent, within the error limits of the measurements 
(E /R = 646 ± 564 K). The rate coefficient k was then 
obtained by taking k(CH3C03 + N02) = 9.3 x 10- 12 

cm3 molecu)e-1 S-1 at 1 atm pressure (see data sheets 
for the reaction CH3C03 + N02 + M ~ CH3C03N02 + 
M). 

The experiments of Kirchner et al.1 also show that the 
rate coefficient k shows no pressure dependence over the 
pressure range 22-750 Torr. 

References 

IF. Kirchner, F. Zabel, and K. H. Becker, Ber. Bunsenges Phys. Chem. 
94, 1379 (1990). . 

2E. C. Tuazon, W. P. L. Carter, and R. Atkinson, J. Phys. Chern. 95, 
2434 (1991). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
41. Bridier, F. Caralp, H. Loirat, R. Lesclaux, B. Veyret, K. H. Becker, 

A. Reimer, and F. Zabel, J. Phys. Chern. 95, 3591 (1991). 
SR. A. Cox, R. G. Derwent, P. M. Holt, and J. A. Kerr, J. Chern. Soc. 

Faraday Trans 1, 72, 2061 (1976). 
6R. A. Cox and M. J. Roffey, Environ. Sci. Technol. 11,900 (1977). 
7D. G. Hendry and R. A. Kenley, J. Am. Chern. Soc. 99, 3198 (1977). 
IICODATA, Supplement I, 1982 (see references in Introduction). 
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.\/fO = -88 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

Ihsolute Rate Coefficients 
(2.33 ± 0.08) x 10-30 [N2] 

2.2 x 1O-3°(T/298)-25 [N2] 

U{'views and Evaluations 
2.3 X 1O- 30(TI300)-40 [N2] 

1.5 x 1O-3°(TI300)-40 [air] 
2.5 X 1O-30(TI298)-5.5 [N2] 

Comments 

Temp./K 

298 
253-353 

200-300 
200-300 
253-353 

(a) Flash photolysis system with UV absorption detec
tion of CH30 2 radicals. Pressure range was 50-700 
Torr, with M = He, N2 and SF6. A complete analysis 
of the fallon curve was carried out with a theoretical 
Fe value of 0.39, in good agreement with the fitted 
value of Fe = 0040 ± 0.10. 

(b) Laser flash photolysis system with long path absorp
tion detection of CH30 2 radicals. Pressure range = 
76-722 Torr, with the bath gas N2. Complete analysis 
of the falloff curve for 253, 298, and 353 K was car
ried out with Fe = 004 independent of temperature. 

( c) Based on the data from Refs. 1 and 2. 
(d) Based on the data of Refs. 1 and 2, but using Fe = 0.6 

and koo with a negative temperature exponent. Satis
factory fit of data for atmospheric applications was 
also obtained. 

(e) Detailed theoretical analysis based on recombination 
data from Refs. 1 and 2 and dissociation rate data 
from Ref. 6. In order to extrapolate ko, a tempera
ture-independent value of koo = 7.5 X 10- 12 cm3 

Reference 

Sander and Watson, 19801 

Ravishankara, Eisele, and Wine, 19802 

CODATA,19823 

NASA,19904 

Destriau and Troe, 1990S 

Comments 

(a) 
(b) 

(c) 
(d) 
(e) 

molecule-I S-I and Fe = 0.36 (at 300 K) were used. 
The comparison of dissociation and recombination 
experiments led to M·r = -88.5 kJ-mol- l

• 

Preferred Values 

ko = 2.5 X 10-3()(TI300)-55 [N2] cm3 molecule- 1 S-1 
over the temperature range 250-350 K. 

Reliability 
dlog ko = ± 0.3 at 300 K. 
fill = ± 1. 

Comments on Preferred Values 
The preferred values are based on the theoretical anal

ysis of Ref. 5, which used the previous experimental de
terminations. These values are based on a theoretically 
determined value of Fe = 0.36 at 300 K. The difference 
between references 3 and 4 is due to the different values 
of Fe used, with the analysis of Ref. 4 being based on a 
standard value of Fe = 0.6. 

High-pressure rate coefficients 

k •. ,/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 
(8.0 ± 1.0) x 10- 12 

7 X 1O- 12(TI298)-35 

Reviews and Evaluations 
8 x 10- 12 

6.5 X 1O- 12(TI300)-2 
7.5 X 10- 12 

Temp./K 

298 
253-353 

200-300 
200-300 
253-353 

Rate coefficient data 

Reference Comments 

Sander and Watson, 19801 (a) 
Ravishankara, Eisele, and Wine, 19802 (b) 

CODATA,19823 (c) 
NASA,19904 (d) 
Dcstriau and Troe, 1990S (e) 

J. Phys. Chem. Ref. Oats, Vol. 21, No.6, 1992 
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Comments 

(a) See comment (a) for ko. 
(b) See comment (b) for ko. We consider the large nega

tive temperature coefficient to be an artifact of the 
interpretation. If a larger negative temperature expo
nent for ko and a smaller Fe value at higher tempera
ture are used, the large negative temperature 
exponent of ka; will decrease considerably. 

(c)-(e) See comments (c)-(e) for ko. 

Preferred Values 

ka; = 7.S X 10- 12 cm3 molecule- 1 s-1, independent of 
temperature over the range 250-350 K. 

Reliability 
~log ka; = ±0.3 at 298 K. 
t:.n = ±O.S. 

Comments on Preferred Values 
See comments on ko. 

Mr = 88 kJ'mol- 1 

I ntermediate Falloff Range 
An experimental value of Fe = 0.4 at 298 K appears 

well established. A temperature dependence of Fe must 
be expected, probably similar to that for N02 + N03 ~ 
N20 5 (see this evaluation). Less complete information on 
the falloff range arises from the experiments by Cox and 
TyndalV who measured k = 1.6 X 10- 12 cm3 molecule- 1 

S-1 at 540 Torr of N2 and 1.2 x 10- 12 cm3 molecule- 1 S-1 
at 50 Torr of Ar at 275 K. The apparent observation of a 
pressure independent rate coefficient k over the range 
50-580 Torr of Ar, reported by Adachi and Basco,S is not 
confirmed by Refs. 1 and 2. 

References 

IS. P. Sander and R. T. Watson, J. Phys. Chern. 84, 1664 (1980). 
?A. R. Ravi:..hdllk.dld, F. L. Ebde, dill] P. H. Wille, J. ChclII. PhY:I. 73, 
3743 (1980). 

3CODATA, Supplement J, 1982 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5M. Dc:striau and J. Troc, Int. J. Chcm. Kinct. 22, 915 (1990). 
6F. Zabel, A. Reimer, K. H. Becker, and E. H. Fink, J. Phys. Chern. 93, 
5500 (1989). 

7R. A. Cox and G. S. Tyndall, J. Chern. Soc. Faraday Trans. 2, 76, 153 
(1980). 

MH. Adachi and N. Basco, Jnt. J. Chern. Kinet. 12, 1 (1980). 

Low-pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 
3.3 X 10- 4 exp( -10140/T) [CH4] 

5.5 x 10- 19 [CH4] 

9.0 x 10-5 exp( - 9694/T) [N2] 

6.7 x 10- 19 [Nz] 

Reviews and Evaluations 
9 X 10-5 exp( - 9690/T) [Nz] 

Comments 

Temp./K 

256-268 
298* 
248-273 
298* 

250-300 

(a) CH30 2N02 generated by photolysis of Ch in the pres
ence of N02, CH4 and O2• The kinetics were moni
tored in the presence of NO by UV absorption at 250 
nm. At 350 Torr total pressure, k = 6 X 1015 
exp( -10620/T) s -1. The given values of ko and kcc are 
derived with Fe = 0.6. The data depend to some ex
tent on the rate coefficient for the reaction CH30 2 + 
NO ~ CH30 + N02• 

(b) Rate of decomposition of CH30 2N02 followed by 
FfIR spectroscopy after generation in a reaction 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Bahta, Simonaitis, and Heicklen, 19821 

Reimer et ai., 19892 

IUPAC, 19803 

Comments 

(a) 

(b) 

(c) 

chamber, with subsequent addition of NO to scav
enge CH302 radicals. Falloff curves were fitted with 
Fe = 0.4 and Fe-dependent broadening (see Ref. 4). 

(c) Based on the data and analysis of Ref. 2. 

Preferred Values 

ko = 6.8 X 10- 19 [N2] s-1 at 298 K. 
ko = 9 X 10-5 exp( - 9690/T) [N2] S-1 over the temper

ature range 250-300 K. 
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Ul'liability 
dlog ko ± 0.3 at 298 K. 
d(E/R) = ±SOO K. 

( 'omments on Preferred Values 
The preferred values correspond to the data and ana]

v .. is of Ref. 2. A theoretical analysis of these data and 

those of the reverse reaction in Ref. 5 gives an internally 
consistent picture (with dJ{0 = 88.5 kJ·mol- 1

). Slightly 
lower limiting rate coefficients are obtained in Ref. 1, 
where a value of Fe = 0.6 was used. 

High-pressure rate coefficients 

Rate coefficient data 

~ • ./S-1 Temp./K Reference Comments 

Ihsolute Rate Coefficients 
2.1 x 1016 exp( -10920/T) 256-268 Bahta, Simonaitis, and Heicklen, 19821 (a) 
2.6 298* 
1.1 x 1016 exp( -10560/T) 248-273 Reimer et al., 19892 (b) 

4.5 298* 

Uev;ews and Evaluations 
1.1 x 1016 exp( - 10560/T) 250-300 IUPAC, 19893 (c) 
4.5 298 

Comments Comments on Preferred Values 
See comments on preferred values for ko. 

(a)-(c) See comments (a)-(c) for ko• 

Preferred Values References 

koo = 1.1 X 1016 exp( -10560/T) S-1 over the tempera
ture range 250-300 K. 

lAo Bahta, R. Simonaitis, and J. Heicklen, J. Phys. Chern. 86, 1849 
(1982). 

<!A. Reimer, K. H. Becker, E. H. Fink, and F. Zabel, J. Phys. Chern. 93, 
5500 (1989). koo = 4.5 S-1 at 298 K. 

Reliability 
dlog koo ± 0.3 at 298 K. 
d(E/R) = ±SOO K. 

ko/cm3 molecule- l 5- 1 

Rp/nlivl' Ratl' r{)l'ffidp.nt.~ 

4.8 x 10-29 [N2] 

Reviews and Evaluations 
7.9 x 1O- 3°(TI298)-62 [N:a 
2.2 x 10- 29 [N2] 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4J. Troe, Ber. Bunsenges Phys. Chern. 87, 161 (1983); R. G. Gilbert, K. 

Luther, and J. Troc, Ber. Bunsenges Phys. Chern. 87, 169 (1983). 
5M. Destriau and J. Troe, Int. J. Chern. Kinet. 22, 915 (1990). 

Low-pressure rate coefficients 

Rate coefficient data 

Temp./K Reference Comments 

254 Elfers, Zabel and Becker, 19901 (a) 

200-300 ne~triau and Troe, 19902 (h) 
254 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Thermal decomposition of C2Hs0 2N02 in a glass re
action chamber in the presence of different initial 
[N02]1[NO] ratios at total pressures of 10-1000 
mbar. C2Hs0 2N02 was prepared in situ by the photol
ysis of Ch-C2H6-02-NOrN2 mixtures. C2Hs0 2N02, 
N02 and NO concentrations were monitored by long
path IR absorption and rate coefficient ratios for the 
reaction of C2Hs0 2 with NO and N02 were obtained. 
The reported rate coefficient for C2Hs0 2 + N02 was 
derived using a rate coefficient of 8.9 x 10- 12 cm3 

molecule- 1 
S-1 for the reaction C2Hs0 2 + NO ~ 

C2HsO + N02. Falloff curves were constructed 
based on the theoretical analysis from Ref. 2. 

(b) Rate coefficients for the CLH)OLNOz dissociation3 

were converted, using modeled equilibrium con
stants, to recombination rate coefficients at 253 K. A 
theoretical analysis of the falloff curves using Fe = 
0.31 and k"" = 7.5 X 10- 12 cm3 molecule- 1 

S-1 

permitted extrapolation to the low-pressure rate co
efficients. The slightly different ko value from that of 
Ref. 1 is due to the use of a different data base and 
the long and uncertain falloff extrapolation. 

Preferred Values 

ko = 1.3 X 10-29(T/300)-62 [N2] em3 molecule- 1 S-1 

over the temperature range 200-300 K. 

Reliability 
dlog ko = ± 0.3 at 300 K. 
dn = ±1. 

Comments to Preferred Values 
The preferred values are an average of the data from 

Refs. 1 and 2. The temperature dependence is from the 
theoretical analysis of Ref. 2. Falloff extrapolations were 
made with Fe = 0.31 at 250-300 K such as given from the 
theoretical analysis of Ref. 2. 

High-pressure rate coefficients 

Rate coefficient data 

Relative Rate Coefficients 
1.0 x 10- 11 

Reviews and Evaluations 
7.5 x 10- 12 

5 X 10- 12 

Comments 

(a) See comment (a) for ko• 

Temp./K 

254 

200-300 
200-300 

(b) See comment (b) for ko• k:lC was estimated to be sim
ilar to the values of koo for the recombination reae 
tions CCh02 + N02 and CChF02 + N02 (see this 
evaluation). 

(c) Estimated to be similar to the values for the reactions 
CH30 2 + N02 ~ CH30 2N02 and C3H 70 2 + N02 ~ 
C3H70 2N02• 

Preferred Values 

k<rJ = 8.8 X 10- 12 cm3 molecule- 1 S-I, independent of 
temperature over the range 200-300 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Elfers, Zabel and Becker, 19901 

Destriau and Troe, 19902 

CODATA,19844 

Comments 

(a) 

(b) 
(c) 

Reliability 
dlog k"" 

300K. 
± 0.3 over the temperature range 200-

Comments on Preferred Values 
See comments on ko• 

References 

IG. Elfers, F. Zabel, and K. H. Becker, Chern. Phys. LeU. 168, 14 
(1990). 

2M. Destriau and J. Troe, Int. J. Chern. Kinet. 22, 915 (1990). 
3F. Zabel, A. Reimer, K. H. Becker, and E. H. Fink, J. Phys. Chern. 93, 

5500 (1989). 
4CODATA, Supplement II, 1984 (see references in Introduction). 
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Low-pressure rate coefficients 

Rate coefficient data ' 

Temp./K 

Absolute Rate Coefficients 
4.8 X 10-4 exp( -9285IT) [N2] 245-273 

Comments 

(a) The unimolecular decay of C2Hs0 2N02 was followed 
in situ by long-path FTIR spectroscopy at total pres
sures ranging from 10 to 800 mbar. A falloff extrapo
lation using Fe = 0.3 leads to the cited limiting rate 
coefficient. 

Preferred Values 

ko = 1.4 X 10- 17 [N2] S-1 at 298 K. 
ko = 4.8 X 10-4 exp( - 9285/T) [N2] S-1 over the tem

perature range 250-300 K. 

Reference 

Zabel et al., 19891 

Reliability 
Lllog ko = ± 0.5 at 300 K. 
Ll(E/R) = ± 1000 K. 

Comments on Preferred Values 

Comments 

(a) 

The dissociation data are consistent with the experi
mental recombination data (see this evaluation) and with 
a theoretical analysis of the dissociation/recombination 
data from Ref. 2. Falloff curves are constructed with Fe = 
OJl (over the range 250-300 K)_ 

High-pressure rate coefficients 

Rate coefficient data 

Temp./K 

Absolute Rate Coefficients 
8.8 X 1015 exp( -10440IT) 245-273 

Comments 

(a) See comment (a) for ko• 

Preferred Values 

koo = 5.4 S-1 at 298 K. 
koo = 8.8 X 1015 exp( -10440/T) S-1 over the tempera

ture range 250-300 K. 

Reliability 
dlog krx. ± 0.5 at 300 K. 
d(E/R) = ± 1000 K. 

Reference 

Zabel et al., 19901 

Comments on Preferred Values 
See comment on ko• 

References 

Comments 

(a) 

1['. Zabel, A. Rcirllcr, K. H. 5\,:I,;I\.CI, i:1IHJ E. H. Fink., J. Phys. Chern. 93, 
5500 (1989). 

2M. Dcstriau and J. Troe, Int. J. Chern. Kinet. 22, 915 (1990) 
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fur = -119 kJ'mol- 1 

Low-pressure rate coeffIcIents 

Rate coeffIcIent data 

ko/cm3 molecule -1 S-1 Temp./K 

Absolute Rate Coefficients 
5.1 x 10- 29 [N2] 298 
(2.7 ± 1.5) x 1O-2l!(T/298)-71 [air] 248-393 

Reviews and Evaluations 
2 x 1O- 2!! [N2] 298 

Comments 

(a) Flash photolysis system with detection of CH3C03 

radicals by absorption at 250 nm. Mixtures of Ch, 
CH3CHO, O2, N2, and N02 were photolyzed at total 
pressures of 76-612 Torr. Extrapolation of falloff 
curves used a theoretically modeled value of Fe 
0.19. . 

(b) Flash photolysis of Ch-CH3CHO-NOr air mixtures. 
The decay of CH3C03 radicals was monitored by UV 
absorption. The falloff curves were fitted using Fe = 
0.30. The discrepancy with the data of Ref. 1 is at
tributed to an oversimplified kinetic scheme used in 
Ref. 1. 

(c) Based on the preliminary rate data from Ref. 2. 

Reference Comments 

Basco and Parmar, 19871 (a) 
Bridier et al., 19912 (b) 

IUPAC, 19893 (c) 

Preferred Values 

ko 2.7 X 10- 28(T/300)-7.1 [N2] cm3 molecule- 1 S-1 

over the -temperature range 250-300 K. 

Reliability 
Alog ko = ± 0.4 at 300 K. 
ilil = ::!:2. 

Comment on Preferred Values 
The extensive and internally consistent study of 

CH3C03N02 (PAN) formation and dissociation in Ref. 2 
is preferred. Falloff extrapolations were performed with 
a modeled value of Fe = 0.3. 

High-pressure rate coefficients 

Rate coefficient data 

k",jcm3 molecule-I S-1 

Absulute Rate Cueffic:ients 
6.1 X 10- 12 

(1.21 ± 0.05) x 1O-1I(T/298)-U9 

Reviews und EVU/UUJiUrlS 

9.3 X 10- 12 (1 atm air) 
8.4 X 10- 12 

Comments 

(a) See comment (a) for ko• 
(b) See comment (b) for ko. 

Temp./K 

298 
248--393 

298 
298 

(c) Evaluated from the rate coefficient ratio 
k(CH3C03 + NO)/k(CH3C03 + N02) = 1.5 at 1 
atm, using a rate coefficient for the reaction 
CH3C03 + NO ~ CH3C02 + N02 of 1.4 x 10- 11 

cm3 molecule- 1 S-I.3 

(d) Based on the data of Refs. 1 and 5, using a falloff 
correction from k(l atm) to k<£ of a factor of 1.4. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Basco and Parmar, 19871 (a) 
Bridier et aI., 1991 2 (b) 

Atkinson and Lloyd, 19844 (c) 
IUPAC, 19893 (d) 

Preferred Values 

koo = 1.2 X 10-1l(T/300)-o.9 cm3 molecule- 1 S-1 over 
the temperature range 250-300 K. 

Reliability 
Alog koo ±0.2 at 300 K. 
An = ±1. 

Comments on Prefen·ed Values 
See comments on ko• 
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References 

IN. Basco and S. S. Parmar, Int. J. Chem. Kinet. 19, 115 (1987). 
11. Bridier, F. Caralp, H. Loirat, R. LescIaux, B. Veyret, K. H. Becker, 
A. Reimer, and R. Zabel, J. Phys. Chem. 95, 3594 (1991). 

M{0 ;;:: 119 kJ'mol- 1 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
5R. Atkinson and A. C. Lloyd, J. Phys. Chem. Ref. Data 13,315 (1984). 
6M. C. Addison, J. P. Burrows, R. A. Cox, and R. Patrick, Chem. Phys. 
Lett. 77, 283 (1980). 

low-pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 
(4.9 ± 0.3) x 10-3 x 
exp( -12100IT) [N2] 

Reviews and Evaluations 
6.3 X 10- 2 exp( -12785IT) [N2] 

1.5 x 10-20 [N2] 

Comments 

Temp./K 

300-330 

300-320 
298 

(a) Rate of the thermal decomposition of PAN mea
sured by FfIR absorption spectroscopy in the pres
ence of an excess of NO to scavenge CH3C03 

radicals. Pressure range = 7.5-600 Torr of N2. 
Falloff curves were analyzed with Fe = 0.30. 

(b) Based on the preliminary data of Ref. 1. 

Preferred Values 

ko = 1.1 X 10-20 [N2] S-1 at 298 K. 
ko = 4.9 X 10-3 exp( -12100/T) [N2] S-1 over the tem

perature range 300-330 K. 

Reference 

Bridier et 01., 1991 1 

IUPAC, 19892 

Reliability 
alog ko = ±OA at 300 K. 
a(E/R) = ± 1000 K. 

Comment on Preferred Values 

Comments 

(a) 

(b) 

The data base of Ref. 1 is large enough to allow for a 
falloff extrapolation to k(), in part because falloff curves 
for PAN dissociation and recombination were measured 
independently. Falloff extrapolations were made with a 
modeled value of Fe = 0.3. 

High-pressure rate coefficients 

Rate coefficient data 

k,,'/S-l Temp./K Reference Comments 

Absolute Rate Coefficients 
(3.3 ± 0.2) x 10-4 (700 Torr N 2) 297 Niki et 01., 19853 (a) 
2.2 X 10-4 (12.4 Torr NO) 298 Senum, Fajer, and Gaffney, 19864 (b) 
2.52 x 1016 exp( - 13573IT) 283-313 Tuazon, Carter, and Atkinson, 19915 (c) 
4.2 X 10-4 (740 Torr air or N2) 298 
(4.0 ± 0.8) x 1016 exp( -13600/T) 300-330 Bridier et 01., 1991 1 (d) 
6.1 x 10-4 298 

Reviews and Evaluations 
1.95 X 1016 exp( -13543/T) 280-320 Atkinson and Lloyd, 19846 (e) 
3.6 X 10- 4 298 
2.2 x 1016 exp( -13435IT) 300-320 IUPAC, 19892 (f) 
5.8 X 10-4 298 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Decay of CH3C0315N02 in the presence of 14N02 
monitored by FTIR spectroscopy in a long-path cell 
at a total pressure of 700 Torr of N2. 

(b) Decay of CH3C03N02 (2 Torr) in the presence of 
NO (0.2-10.3 Torr) monitored by FTIR spectroscopy 
in a 10 cm cell. Second reaction channel, leading to 
CH30N02 + C02, was monitored by FfIR absorp
tion in experiments with 2.4 to 27.5 Torr of pure PAN 
and no added gases. The rate coefficient derived 
[k(298 K) = 1.3 X 10-6 S-I] and the evidence for this 
reaction channel need to be confirmed. 

(c) Thermal decomposition of PAN was monitored in an 
environmental chamber in the presence of 740 Torr 
of synthetic air or Nl- The concentration~ of PAN, 
NO, N02 and other reactions products were moni
tored by FTIR absorption spectroscopy. 

(d) See comment (a) for ko• 
(e) Based on the data from Ref. 7. 
(f) See comment (b) for ko• 

Preferred Values 

koo = 6.1 X 10-4 S-1 at 298 K. 
koo = 4.0 X 1016 exp( -13600/T) S-1 over the tempera

ture range 280-330 K. 

Reliability 
~log ka:. ±0.2 at 300 K. 
~(E/R) = ±200 K. 

Comments on Preferred Values 
See comment on ko• The actual rate data at 1 bar of 

Refs. 1 and 5 agree very well and are also consistent with 
a series of earlier results included in the evaluation of 
Ref. 2. The temperature dependence of Fe = 0.3, which 
was used l over the range 300-330 K, needs further theo
retical investigation. 

References 

11. Bridier, F. Caralp, H. Loirat, R. Lesdaux, B. Veyret, K. H. Becker, 
A. Reimer, and F. Zabel, J. Phys. Chern. 95, 3.594 (1991). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3H. Niki, P.D. Maker, C. M. Savage, and L. P. Breitenbach, Int. J. 
Chern. Kinet. 17,525 (1985). 

"0. I. Scnum, R. Fajcr, and J. S. Oaffney, J. Phys. Chern. 90, 1~2 (1986). 
5E. C. Tuazon, W. P. L. Carter, and R. Atkinson, 1. Phys. Chern. 95, 

2434 (1991). 
fiR. Atkinson and A. C. Lloyd, J. Phys. Chern. Ref. Data 13,315 (1984). 
7D. O. HI:IlulY <tIIU R. A. Kt:llky, J. Am. CIJ t: III. SUI,;. 99, 3198 (1977). 

Rate coefficient data 

Absolute Rate Coefficients 
(2.3 ± 0.7) x 10- 12 

Comments 

Temp./K 

298 

(a) Molecular modulation ~tllc1y involving the ?5'l7 nm 
photolysis of HN03-CHc 0 2 mixtures in a flow sys
tem. The rate coefficient k was derived from a com
puter fit of the N03 absorption profiles (623 nm) 
based on a mechanism of 33 reactions. 

Preferred Values 

No recommendation. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Crowley et al., 19901 (a) 

Comments on Preferred Values 
The only reported study of this reaction by Crowley 

et aI_I involves a complex system of chemical reactions 
and consequently leads to a very indirect determination 
of the rate coefficient. Until more work is carried out on 
this reaction, we make no recommendation. 

References 

IJ. N. Crowley, J. P. Burrows, G. K. Moortgat, G. Pouiet, and G. Le 
Bras, Int. J. Chern. }(jnet. 22, 673 (1990). 
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CH30 2 + CH30 2 ~ CH30H + HCHO + O2 (1) 

~ 2CH30 + O2 (2) 

~ CH300CH3 + O2 (3) 

.1/1°(1) = - 331.0 kJ'mol- 1 

,H-fO(2) = 14.4 kJ'mol- 1 

."l.I-fO(3) = -146.5 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 + ka) 

J.. fem3 molecule -1 S-1 

'l/Jsolute Rate Coefficients 
(3.6 ± 0.55) x 10- 13 

1.3 X 10- 13 exp(365/T) 
(4.1 ± 0.9) x 10- 13 

4.6 X 10- 13 

Branching Ratios 

kik = 0.29 
kik = 0.49 
kik = 0.64 
kik 0.79 
kik = 0.82 
k71k = 1!{1 + 
[exp(1131 :t 30)/T]/(19 :t 5)} 

Reviews and Evaluations 
1.7 X 10- 13 exp(220/T) 
2.2 x 10- 13 exp(220/T) 

Comments 

Temp./K 

300 
248-573 
300 
298 

388 
423 
473 
523 
573 
223-333 

200-400 
200-300 

(a) k is defined by-d[CH30 2]!dt = 2k[CH30 2Y and has 
been derived from the measured overall second-or
der decay of CH30 2 (ko) by correcting for secondary 
removal of CH302. 

(b) Molecular modulation study, with CH30 2 being gen
erated by photolysis of Ch in the presence of CHeOz 
mixtures at pressures of - 240 Torr. CH30 2 radicals 
were monitored by absorption over the range 220-
270 nm. kO/lT(250 nm) = 1.16 x 10~ em S-l and IT(250 
nm) = 4.14 X 10- 18 cm2 molecule-I, leading to ko = 
(4.8 ± 0.5) x 10- 13 cm3 molecule- 1 S-I. The cited 
value of k was obtained by taking ko/k = 1.35 to allow 
for secondary removal of CH30 2• 

(c) Flash photolysis of Ch in the presence of CHe Oz-N2 

mixtures over the pressure range 200-700 Torr. 
CH30 2 radicals were monitored by UV absorption, 
with ko/a(210-260 nm) = 1.17 X 105 cm S-I and 
a(250 nm) = 4.8 X 10- 18 cm2 molecule-I. ko/k taken 
to be 1.35. At temperatures > 373 K, the second-or
der decays of CH30 2 were affected by H02 reactions. 
The branching ratio was obtained from the effect of 
H02 on the CH30 2 decays. 

(d) Molecular modulation study, with CH30 2 being gen
erated by photolysis of CH31 in the presence of 10 
Torr O2 with added N2 (total pressures 10-760 Torr). 
CH30 2 radicals were monitored by absorption over 
the range 210-320 nm. System generated absorption 
due to a second transient species, ascribed to 
CH300I. ko/a(230 nm) was determined as a function 

Reference 

Simon, Schneider and Moortgat, 19901 

Lightfoot, Lesclaux and Veyret, 19902 

Jenkin and Cox, 19913 

Lightfoot, Lesclaux and Veyret, 19902 

Horie, Crowley and 
Moortgat, 19904 

IUPAC, 19895 

NASA,19906 

Comments 

(a,b) 
(a,c) 

(a,d) 

(c) 

(e) 

(f) 
(g) 

of temperature and pressure. At 298 K, ko/a(230 nm) 
= 1.01 X 105 cm S-I over the pressure range 10-760 
Torr. Over the temperature range 268-350 K, 
ko/a(230 nm) = 4.85 x 104 exp[(220 ± 72)/T] cm S-I 
at 760 Torr and k(Ja(230 nm) = 7.45 x 104 

exp[(92 ± 53)/T] cm S-I at 10.8 Torr. The cited 
value of k was obtained from the measured value of 
ko/a(250 nm) = 1.17 x 105 cm S-I with a(250 nm) = 
3.9 x 10- 18 cm2 molecule-I. 

(e) Study of the photooxidation of CH4, initiated by CI 
atorn:s gt:m:ratt:d frum Ch, in a slow-flow system un
der steady-state illumination. Analysis of HCHO, 
CH30H and HCOOH products by FfIR spec
troscopy_ 

(f) Calculated from the average value of ko/a(250 nm) = 
1.24 x 105 cm s -1 from the results of Parkes,7 

Hochanadel et al., 8 Anastasi et al., 9 Kan et al., 10 

Adachi et al.,ll Sander and Watson,!z McAdam 
et al., 13 Kurylo et al. 14 and Jenkin et al.,15 and the 
value a(250 nm) = 3.9 x 10- 18 cm2 molecule- I (av
erage of the results of McAdam et al., 13 Kurylo and 
Wallington,14 Jenkin et al., 15 Kan et al., 10 Cox and 
Tyndall,lo Sander and Watson,12 Adachi et al., 11 

Hochanadel et al.,8 Parkes,? Anastasi et al,,9 Moort
gat et al Y and Pilling and SmithI8). 

(g) Calculated from the average value of ko/a(250 nm) 
from Cox and Tyndall,lo Jenkin et al.,15 Sander and 
Watson,u McAdam et al.,13 Kurylo and Wallingtonl4 

and Lightfoot et al.,2 and the average value of a(250 
nm) = 3.7 x 10- 18 cm2 molecule-I, 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Preferred Values 

k = 3.7 X 10- 13 cm3 molecule- I S-I at 298 K. 
k = 1.1 X 10- 13 exp(365/T) cm3 molecule- I S-1 over 

the temperature range 200--400 K. 
k2 = 1.1 X 10- 13 cm3 molecule- I S-I at 298 K. 
k2 = 5.9 x 10- 13 exp(-509/T)cm3 molecule- l s- l over 

the temperature range 220-330 K. 

Reliability 
dlog k = ±0.12 at 298 K. 
d(E/R) = ±200 K. 
dlog k2 = ± 0.15 at 298 K. 
d(E2iR) = ±300 K. 

Comments on Preferred Values 
The recent room temperature measurementsl

-
3 of ko/cr 

are in excellent agreement with our previously recom
mended value of kolcr(250 nm) = 1.24 x 10:5 cm S-I, 

which is unaltered. In addition, the measurements of the 
absorption cross-section by Simon et al. l are also in 
agreement with our previous recommendation of 0"(250 
nm) = 3.9 x 10- 18 cm2 molecule- l which is also unal
tered. Thus, our recommended5 value of ko = 4.8 X 10- 13 

cm3 molecule -IS -I at 298 K is confirmed. 
Taking the revised branching ratio of k2ik = 0.30 at 

298 K (see below) yields the slightly revised value of k at 
298 K listed above. 

The-temperature dependence of k reported by Light
foot et al.2 is in excellent agreement with the previous 
studies of Sander and Watson12 and Kurylo and Walling
ton.14 Here we have recommended the E /R value of 
Lightfoot et al.,2 on the basis of their more extensive tem
perature range. This is larger than our previously recom
mended value of E /R, since the data have now been 
treated in terms of a temperature dependent branching 
ratio k2ik (see below). The recommended Arrhenius 
equation follows from the recommended values of k298 

and EIR. 
The two recent studies2

,4 of the temperature depen
dence of the branching ratio involve different tempera
ture ranges. Here we have ~eJectecl the re~m1ts of Horie 
et ai.,4 over the more atmospherically relevant tempera
ture range 220-330 K, in calculating the recommended 
value of k2• This is derived from the above4 tabulated tem
perature dependent value of k2ik and our recommended 
Arrhenius equation for k. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

It should be noted that, from an analysis of their own 
data4 together with the results of Lightfoot et al.,2 Anas
tasi et al.,9 Kan et al.,I9 Parkes/ Niki et al.20 and Weaver 
et al.,2l the equation k2ik = l/{l + [exp(1330/T)]!33} was 
obtained by Horie et al.4 for the more extensive tempera
ture range 223-573 K. This equation shows slight non
Arrhenius behavior. 

Lightfoot et al.2 observed no pressure dependence of 
the branching ratio, k2ik, over the range 210-760 Torr. 
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CH30 2 + CH3C03 ~ CH30 + CH3C02 + O2 (1) 

~ CH3C02H + HCHO + O2 (2) 

\/1°(1) = -28 kJ'mol- 1 

.\/1°(2) = -379 kJ'mol- 1 

Rate coefficient data ( k = k1 + k2 ) 

/.. fern3 molecule -1 S-1 

Ihsolute Rate Coefficients 
3 x lO-12 

(1.4 ± 0.3) x 10- 11 

kl = 1.8 X lO-9 exp[ - (1800 ± llOO)/T] 
kJ = (5.5 ± 3) x 10-12 

k2 = 4.1 X lO-15 exp[(2100 ± 1200)IT] 
kl. - (5.5 == 2) x 10- 12 

/(('views and Evaluations 
kJ 5.5 x 10- 12 

k z 5.5 X 10- 12 

Comments 

Ternp./K 

302 
253-368 
253-368 
298 
253-368 
298 

298 
298 

(a) Molecular modulation study involving UV absorption 
of CH3C03 (210--280 nm) produced from the photol
ysis of Ch in the presence of CH3CHO-02 mixtures 
at a total pressure of 710 Torr. The rate coefficient k 
was obtained from a computer simulation of absorp
tion curves, involving a mechanism of nine elemen
tary reactions. 

(b) Flash photolysis of Ch in the presence of 
CH3CHO-02 mixtures at a total pressure of 620 
Torr. Rate coefficients were derived by fitting the ex
perimental optical density traces at several wave
lengths in the range 200--250 nm using a computer 
simulation model of CH30 2 and CH3C03 reactions 
together with the absorption cross-sections of the 
radicals. Inclusion of channel (2) was necessary to ac
count for the observed removal of CH302 in the first 
100 f.Ls after the flash. 

(c) See Comments on Preferred Values. 

Preferred Values 

kl = 5.5 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 
kl. = 5.5 X 10- 12 em3 molceule- l 5- 1 at 298 K. 

Reference 

Addison el al., 19801 

Moortgat, Veyrct, and Lesclaux, 19882 

IUPAC, 19893 

Reliability 
alog kl ± 0.5 at 298 K. 
alog k2 = ± 0.5 at 298 K. 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.3 The two reported studies of this re
action are not in good agreement. The discrepancy arises 
primarily from the different absorption cross-sections 
used for the CH3C03 radical and the rate coefficient de
termined for its self-reaction in these studies. We have 
selected the more recent study of Moortgat et al.2 as the 
basis for a recommendation, on the grounds that the 
CH3C03 cross-section determination is more direct, and 
the complex kinetic behavior of the radicals appears to be 
better defined in the flash photolysis system. Further con
firmation of the rate coefficient and the branching ratio 
of this reaction are required. 
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(1989). 
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(2) 

Rate coefficient data (Ie = Ie, + 1(2) 

klcrn3 rnolecule-1 5-1 Ternp./K 

Absolutl! Ratl! COl!ffiripnt~ 
kl = 5.65 X lO-14 exp[(750 ± 400)IT] 275-323 
kl = (7.0 ± 2.1) x lO-13 295 
kl = (5.6 ± 2.8) x lO-13 298 

Relative Rate Coefficients 
k2 = (5.5 ± 1.1) x 10- 12 298 

Comments 

(a) k is defined by- d[HOCH202]!dt = 2k[HOCH20 2f. 
(b) Flash photolysis of Ch in the presence of HCHO or 

CH30H and O2, with time-resolved absorption spec
troscopy for the detection of H02 and HOCH202 
radicals. The rate coefficient kl was obtained from a 
computer fit of the absorption profiles of HOCH20 Z 

radicals at 250 nrn. Channel (2) leads to the re-gener
ation of HOz radicals and is thus not observable in 
this system. 

(c) Molecular modulation study of Ch-HCHO-02 mix
ture with diode laser infrared spectroscopy for the 
detection of H02 and HOCH20z radicals. The rate 
coefficient k2 was obtained from a computer simula
tion of quantum yields for HCOOH formation. 

Preferred Values 

kl = 7.0 X 10-13 em3 moleeuJe- 1 S-l at 29R K. 
kl = 5.7 X 10-14 exp(750IT) cm3 molecule-1 S-1 over 

the temperature range 275-325 K. 
k2 = 5.5 X 10- 12 cm3 molecule-1 

S-I at 298 K. 

J. Phya. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Veyret el ai., 19891 

Burrows et al., 19892 

Burrows el al., 19892 

Reliability 
Alog kl = ± 0.3 at 298 K. 
a(EI/R) = ± 750 K. 
Alog k2 = ± 0.3 at 298 K. 

Comments on Preferred Values 

Comments 

(a,b) 

(a,c) 

(a,c) 

The parallel studies of Veyret et al. 1 and Burrows 
et al.z confirm that the interaction of HOCH02 radicals 
involves two channels. The two reports1

•
Z of the rate coef

ficient kl at room temperature are in good agreement, 
and indicate that this channel is a factor of - 3-4 faster 
than the interaction of CH30 2 radicals. The rate coeffi
cient kz is even faster than kJ, with a value of about 50 
times that of the analogous reaction of CH30 2 radicals. 
Confirmation of the temperature coefficient of kl is 
needed, as well as a determination of the temperature co
efficient of k 2• 

References 
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KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 1293 

C2Hs0 2 + C2Hs0 2 ~ C2HsOH + CH3CHO + O2 (1) 

~ 2C2HsO + O2 (2) 

~ C2HsOOC2Hs + O2 (3) 

t.HO(I) = - 343.2 kJ'mol- 1 

t.HO(2) = 23.0 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 + k3) 

k /em3 molecule -I S-I Temp./K 

Ahsolute Rate Coefficients 
6.1 X 10- 14 298 

Hranching Ratios 
k-dkl = 2.1 295 
kJlk ~ U.U6 295 

I?eviews and Evaluations 
1.2 x 10- 13 exp( -110fT) 250-450 
1.6 x 10 - 13 exp( - 300fT) 200-300 

Comments 

(a) k is defined by - d[C2Hs0 2]!dt = 2k[C2Hs02f and 
has been derived from the measured overall second
order decay of C2Hs0 2 (ko) by correcting for sec
ondary removal of C2Hs02. 

(b) Molecular modulation study. C2Hs0 2 radicals were 
generated from the photolysis of flowing mixtures of 
Ch-C2H 6-02-N2 at a total pressure of 100 Torr and 
monitored by absorption at 210 and 330 nm. Values 
of kls were determined at 220,250 and 280 nm, lead
ing to ko = 1.0 X 10- 13 cm3 molecule-I S-I. The cited 
value of k was calculated taking kdk = 0.65. 

(c) C2Hs0 2 radicals were generated from the steady
state photolysis of Clz-C2H6 mixtures at 700 Torr 
pressure of air. Products were monitored by ¥fIR 
spectroscopy. 

(d) kZ98 was the mean of the data of Adachi et al.,s Anas
tasi etal.,6 Cattell etal.' and Wallington etal.8 EIR 
was from Wallington et al.8 and theA -factor was ad
justed to fit k298• kdk at 298 K was the mean of the 
data of Niki et al :.J and Anastasi et al.6 

(e) The rate coefficient k298 was derived from the studies 
of Adachi et al.,s Anastasi et al.,6 Munk et al.,10 Cat
tell et al.,' Anastasi et a/. I1 and Wallington et at.!! The 
above Arrhenius equation was then obtained using 
an E IR value derived from the data of Adachi et al.,s 
Anastasi et al.6 and Wallington et al.8 

Preferred Values 

k = 6.8 X 10- 14 cm3 molecule- 1 S-I at 298 K. 
k = 9.8 X 10- 14 exp( -110IT) cm3 molecule- 1 S-1 over 

the temperature range 250-450 K. 
kdk = 0.62 at 298 K. 

Reliability 
~log k = ±0.12 at 298 K. 

Reference Comments 

Bauer, Crowley and Moortgat, 19921 (a,b) 

Wallington et al., 19892 (c) 

IUPAC, 19893 (d) 
NASA, 19904 (e) 

!:t.(EIR) = +~~ K. 
~(kzlk) = ± 0.1 at 298 K. 

Comments on Preferred Values 

The preferred value of k298 has been calculated from 
the mean value of ko = 1.1 X 10- 13 cm3 molecule-I S-1 
obtained from the studies of Adachi et al.,5 Anastasi 
et al., 6 Cattell et al.,7 Wallington et al.8 and Bauer et al., 1 

all of which are in good agreement. This mean value of ko 
was converted to the above preferred value of k298 by use 
of the preferred branching ratio of kz/k = 0.62 (see be
low). 

Our recommended value of E /R is from the study of 
Wallington et al.,8 and the A -factor has been adjusted to 
give the preferred value of k298• 

The recommended branching ratio has been calculated 
from the mean value of kllkz from the results of Niki 
et al.9 (kJik2 = 0.76 at 298 K), Anastasi et al.6 (kdk2 = 
0.59 at 298 K), and Wallington et al.2 (kdk2 = 0.48 at 
295 K). The temperature dependence of the branching 
ratio reported by Anastasi et al.6 requires confirmation. 

The product study of Wallington et al.2 failed to reveal 
any C2HsOOC2Hs product, and while their reported 
branching ratio k3/k is bast;;d un their detection limits for 
C2HsOOC2Hs, it is recommended that channel (3) be dis
counted under atmospheric conditions. 
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Rate coefficient data 

Absolute Rate Coefficients 
(2.5 ~i~) x lU- 1Z 

(8.0 ± 1.3) x 10- 12 

2.8 X 10- 12 exp[(530 ± 100)/T] 
(1.6 ± 0.3) x 10- 11 

Reviews and Evaluations 
2.8 x 10- 12 exp(530/T) 

Comments 

Temp./K 

3U2 
298 
253-368 
298 

250-370 

(a) k is defined by - d[CH3C03]fdt = 2k[CH3C03f and 
has been derived from the measured overall second
order decay of CH3C03 (ko) by correcting for sec
ondary removal of CH3C03• 

(b) Molecular modulation study involving UV absorption 
(210--280 nm) of CH3C03 radicals produced from the 
photolysis of Ch in the presence of CH3CHO and O2 

at a total pressure of 710 Torr. A computer simula
tion of the absorption curves, involving a mechanism 
of nine elementary reactions with secondary removal 
of CH3C03, yielded the cited rate coefficient k from 
the experimental value of ko = (6.5 ± 3.0) x 10- 12 

cm3 molecule -1 s -1. 

( c) Flash photolysis of Ch in the presence of CH3CHO 
and 02 at a total pressure of 153 Torr. CH3C03 was 
monitored by UV absorption (210--280 nm). The rate 
coefficient k was derived from a computer simulation 
of ahsorption profiles over the wavelength range 
198-208 nm, where the contribution of CH30 2 radi
cals to the total absorbance was assumed to be negli
gible. The reported rate coefficient, which is listed 
above, is eJfectively k. 

(d) Flash photolysis of Ch in the presence of 
CH3CHO-02 mixtures at a total pressure of 620 
Torr. CH3C03 radicals were monitored by absorption 
over the range 190--280 nm and the absorption cross
section was measured relative to <T(H02) = 5.3 x 
10-18 cm2 molecule- 1 at 210 nm. The rate coefficient 
was derived from a computer simulation of the ab
sorption traces at a range of wavelengths, from a 
mechanism including secondary removal 'of CH3C03• 

(e) See Comments on Preferred Values. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Addison et al., 19801 

Basco and Parmar, 19852 

Moortgat, Veyret and Lesclaux, 19S9J 

IUPAC, 19894 

Preferred Values 

Comments 

(a,b) 
(a,c) 
(a,d) 

(e) 

k = 1.6 X 10- 11 cm3 molecule- l S-1 at 298 K. 
k = 2.8 x 10- 12 exp( 530fT) cm3 molecule -1 s -lover 

the temperature range 250-370 K. 

Reliability 
dlog k = ± 0.5 at 298 K. 
ilEfR = ±500 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.4 The agreement among the three 
measurementsl-3 of this rate coefficient at room tempera
ture is rather poor. We have selected the most recent 
study of Moortgat et al.3 as the basis for a recommenda
tiun, un tht=. gruunds that it is bast=.u upun a mure com
plete knowledge of the complicated chemistry involved 
than was available for the earlier studies.1

•
2 At the same 

time, until more experimental data are available we have 
assigned considerable error limits, particularly with re
gard to the temperature coefficient. 

References 

1M. C. Addison, J. P. Burrows, R. A. Cox, and R. Patrick, Chern. Phys. 
Lett. 73, 283 (1980). 

2N. Basco and S. S. Parmar, Int. J. Chern. Kinet. 17,891 (1985). 
3G. K. Moortgat, B. Veyrct, and R. Lesclaux, J. Phys. Chern. 93, 2362 

(1989). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 1295 

HOCH2CH20 2 + HOCH2CH20 2 --c) HOCH2CH20H + HOCH2CHO + O2 (1) 

--c) 2HOCH2CH20 + O2 (2) 

Rate coefficient data ( k = k, + k2 ) 

Absolute Rate Coefficients 
(1.36 ± 0.21) x 10- 12 

(7.7 ± 1.2) x 10- 12 

(2.2 ± 0.3) x 10- 12 

Branching Ratios 
k21k = 0.18 ± 0.02 
k21k = 0.25 
k2fk = 0.36 ± 0.07 

Comments 

Temp./K 

298 
298 
296 

298 
298 
298 

(a) k is defined as - d[HOCH2CHzOz]ldt 
2k[HOCH2CHzOzf and has been derived from the 
measured overall second-order decay of 
HOCHzCHzOz (ko) by correcting for secondary re
moval of HOCH2CHzOz• 

(b) Molecular modulation study, with radicals being gen
erated from the photolysis of HOCHzCH1I in the 
presence of 0 1 and Nz at a total pressure of 760 Torr 
in a slow flow system. HOCH1CHz01 radicals were 
monitored by absorption at 230 nm for which 
a{HOCHzCHz0 2) = 2.35 X 10- 18 cmz molecule-I. 
The cited rate coefficient k was calculated from the 
experimental value of ko/CTz30 = 6.8 x 105 cm S-I and 
the estimated branching ratio, kz/k = 0.18. The value 
ko/CT2S0 = 6.5 x 105 cm s - 1 was also obtained. 

(c) Pulsed radiolysis study, with radicals being generated 
from CZH 4-02-HzO-SF6 and CH3CRzOH-Oz-SF6 

mixtures at a total pressure of 760 Torr. 
HOCHzCHzOz radicals were monitored by absorp
tion at 230 nm, with Uno = 3.5 X 10- 18 cm1 

molecule -1. The rate coefficient kZ98 listed above is 
the average from the studies of the two sources of the 
radical, obtained by computer simulation of the ab
sorption traces of the radical. 

(d) Separate laser flash photolysis and molecular modu
lation studies, with radicals being generated from the 
photolysis of HzOz in the presence of C2H 4 and Oz at 
total pressures of 730 ± 30 Torr (Nz). HOCHzCHz0 2 

radicals were monitored by time-resolved UV ab
sorption spectroscopy. Values of ko/uzso = 6.6 x 105 
and 6.8 x lOS cm S-1 and CTZso = 4.47 X 10- 18 and 
4.90 x 10- 18 cm2 molecule- I were obtained from the 
flash photolysis and modulation experiments, respec
tively. The above value of k is that from the flash pho
tolysis experiments, taking kJk = 0.36. 

(e) Determined in same experiments as for comment (b) 
from the measured yields of HCRO and the amount 
of HOCHzCHzI reacted, assuming that photodis
SOCIatIon of HOCH1CH1I yields exclusively 
HOCH2CHzOz radicals at 760 Torr. 

Reference 

Jenkin and Cox, 19911 

Anastasi et ai., 19912 

Murrcllsetal., 19913 

Jenkin and Cox, 1991 1 

Anastasi et 01., 19912 

Murrells et 01., 19913 

Comments 

(a,b) 
(a,c) 
(a,d) 

(e) 
(t) 
(g) 

(f) Derived from computer simulation of the absorption 
profile of the HOCHlCH101 radical at 225 nm. 

(g) Re-evaluation of the data of Jenkin and COX, l in light 
of evidence that only -50% of the HOCHzCHzI 
photolyzed yields HOCHzCH20 Z• 

Preferred Values 

k = 2.3 X 10- 1z cm3 molecule- I S-I at 298 K. 
kz/k = 0.36 at 298 K. 

Reliability 
Lllog k = ± 0.3 at 298 K. 
Ll(kz/k) = ±0.1 at 298 K. 

Comments on Preferred Values 
The preferred value of k298 has been obtained from the 

average value of kO/CT2S0 = 6.6 x 105 cm S-I obtained from 
the laser flash photolysis experiments3 and the two molec
ular modulation studies. I

,3 Taking the average value of 
CT2~n = 4.7 X 10- 18 cm2 molecule- I from the two sets of 
experiments of Murrells et al.3 yields ko = 3.1 X 10- 12 

cm3 molecule -I s -I, which leads to the preferred value of 
kZ98 from the re-assessed branching ratio kz/k = 0.36. 

The absorption spectrum of the HOCH2CH20 2 radical 
reported by Anastasi et al.z from pulsed radiolysis exper· 
iments shows several distinctly different features to that 
reported by Murrells ct al.3 The value of ku/O"l:)u = 3.3 X 

106 cm S-I which can be calculated3 from the results of 
Anastasi et al.2 is a factor of - 5 larger than the value 
from the other work. 1,3 These discrepancies are not easily 
explained, but the weight of evidence appears to support 
the consistent data from the flash photolysis3 and molec
ular modulation1.3 experiments. 

The re-assessment of the data of Jenkin and Cox l by 
Murrells et al.3 also leads to the higher value of the 
branching ratio, which we have recommended here. The 
approximate branching ratio reported by Anastasi et al. z 
is consistent with this value, within the suggested error 
limits. 
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n -C3H702 + n -C3H702 ~ n -C3H70H + C2HsCHO + O2 (1) 

~ 2n -C3H70 + O2 (2) 

Rate coefficient data ( k = k1 + k2 ) 

k fem3 molecule -1 s-1 Temp./K 

Absolute Rate Coefficients 
(3.3 ± 0.3) x 10- 13 298 

Reviews and Evaluations 
3 x 10- 13 298 

Comments 

(a) k is defined by - d[n-C3H70 2] = 2k[n-C3H 70 2]2 and 
has been derived from the measured overall second
order decay of n -C3H702 (ko) by correcting for sec
ondary removal of n -C3H 70 2• 

(b) flash photolysis of 1,1'-azopropane in the presence 
of Oz and added Nz at total pressures up to 720 Torr. 
n -C3H70Z radicals were monitored by absorption at 
260 nm, for which o{260 nm) = 3.15 x 10- 18 cm2 

molecule -I, The rate coefficient k was calculated 
from the experimental value of ko = (3.84 ± 0.33) x 
10-13 cm3 molecule- 1 S-1 on the basis of a mechanism 
ot 12 elementary reactions, including secondary re
moval of n -C3H70 radicals. 

(c) See Comments on Preferred Values. 

Preferred Values 

k = 3 X 10- 13 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
Alog k = ::t 0.5 at 298 K. 

J. Phys. Chem. Ref. Data. Vol. 21. No.6! 1992 

Reference Comments 

Adachi and Basco, 19821 (a,b) 

IUPAC, 19892 (c) 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.z The recommended rate coefficient, 
which is the rounded-off value from the study of Adachi 
and Basco, I requires substantiation along with a determi
nation of the temperature coefficient. 

The recommended value of k 21J8 is in line with the rate 
coefficients of the analogous reactions of the CH30z and 
C2Hs0 2 radicals. On the other hand, the recommended 
rate coefficient for the interaction of the i -C3H 70z radical 
is considerably lower (k298 = 1.0 X 10- 15 cm3 molecule- I 

S-I) and that reported3 for the t-C4H902 radical is even 
lower still (kZ98 = 2.3 X 10-17 cm3 molecule- 1 S-I). This 
trend is in keeping with that observed in the liqUid phase 
for the R02 interactions,4 i.e., k(primary ROz) > k(sec
ondary R02) > k(tertiary R02). 

References 
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i-C3H702 + i-C3H702 ~ i-C3H70H + (CH3hCO + O2 (1) 

~ 2; -C3H70 + O2 (2) 

\/f"(l) = -351.9 kJ'mol- 1 

\1/"(2) = 33.2 kJ'mol- 1 

Rate coefficient data ( k = k t + k2 ) 

I "lOlute Rate Coefficients 
1.43 x to -12 exp[ - (2243 ± 69)/T] 
H.10 x 10- 16 

(1.3 ± 0.4) x to- 15 

(5.3 ± 0.5) x to- 14 

lI!llnchin!: Ratios 
kdkl 1.39 ± 0.04 
kdkl 56.3 exp( -1130/T) 

f<l'l'lews and Evaluations 
1.6 x 10- 12 exp( -2200/T) 

Comments 

Temp./K 

300-373 
300 
298 
298 

302 
302-372 

300-400 

(a) k is defined by -d[i-C3H 702J/dt = 2k[i-C3H702J2 

and has been derived from the measured overall sec
ond-order decay of i -C3H702 (ko) by correcting for 
secondary removal of i -C3H70 2. 

(b) Molecular modulation study of the photolysis of 2,2'
azopropane in the presence of O2 and N2 at total 
pressures up to 710 Torr. i -C3H70 2 radicals were 
monitored by absorption at 265 nm. The rate coeffi
cient k has been calculated from the experimental 
valueofko = (2.37 ± 0.17) x 10- 12 exp[-(2243 ± 
60)/TJ cm3 molecule- 1 S-1 and the branching ratio kz/ 
k l = 1.39 at 302 K determined in the subsequent 
study.4 

(c) Flash photolysis of 2,2' :-azopropane in the presence 
of O2 and added N2 at total pressures up to 720 Torr. 
i -C1H707 radicals were monitored by absorption at 
240 nm, for which 0'0(240 nm) = 4.86 x 10- 18 cm2 

molecule-I. The rate coefficient k has been calcu
lated from the experimental value of ko = (2.03 ± 
U.5~) x IU-1:i cm) molecule- 1 S-1 at 2Yt{ K, on the 
basis of a proposed mechanism of 12 elementary re
actions including secondary consumption of i
C)H70 2 radicals. 

(d) Pulsed radiolysis of H2 at 1 atm in the presence of 
C3H6• i -C3H7 was generated from the reaction of H 
atoms with C3H6• The absorption spectrum of 
i -C3H702 was observed on the addition of O2 and the 
decay of i -C3H702 monitored by UV absorption at 
253 nm, and found to obey second-order kinetics. It 
is not clear if the reported value of the rate coeffi
cient is ko or k. 

(e) Steady-state photolysis of 2,2' -azopropane in the 
presence of O2 and added N2 at total pressures up to 
500 Torr. Ratio of rate coefficients based on analyses 
of (CH3)2CO and (CH3)2CHOH by GC. 

Reference Comments 

Kirschetal., 19781 

Adachi and Basco, 19892 

Munk et aI., 19863 

Kirsch et al., 19794 

Cowley, Waddington, and Woolley, 19825 

IUPAC, 19896 

(a,b) 

(a,c) 
(a,d) 

(e) 
(f) 

(g) 

(f) Extension of the experiments by Kirsch et al.,4 to ob
tain kz/kl at 333 and 372 K. The Arrhenius equation 
calculated from these data and a value of kz/kl at 
302 K was reported by Kirsch et al.4 

(g) See Comments on Preferred Values. 

Preferred Values 

k = 1.0 X 10- 15 cm3 molecule- 1 S-1 at 298 K. 
k = 1.6 X 10- 12 exp( -2200/T) cm3 molecule- 1 S-1 

over the temperature range 300-400 K. 
kdk = 0.44 at 298 K. 
kdk = 3.7 x 10-2 exp(740/T) over the temperature 

range 300-400 K. 
kz/k = 0.56 at 298 K. 
kJk = 2_0 exp( -180fT) over the temperature range 

300-400 K. 

Reliability 
Alog k = ± 0.3 at 298 K. 
A(E/R) = ±300 K. 
A(kJlk) = A(kz/k) = ±O.l5 at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.6 The recommended rate coefficient 
(k) at 298 K is the average of the rate coefficients from 
the data of Kirsch et al. 1,4 and Adachi and Basco,2 which 
are in reasonable agreement. We have not taken into ac
count the rate coefficient reported by Munk et al.,3 for 
which experimental details are lacking. 

The recommended temperature dependence of k is 
based on the results of Kirsch et al., I which have been 
rounded-off and adjusted to the recommended value of 
k298• 
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The branching ratio and its temperature dependence4
•
5 

appear to be reliable and have been adopted here, but 
require further confirmation. 

The value of k298 is considerably lower than that for the 
analogous reaction of the n -C3H702 radical, which is in 
keeping with the trend observed in studies of the interac
tions of alkylperoxy radicals in solution/ i.e., 

k(primary R02) > k(secondary R02) > k(tertiary R02). 
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3J. Munk, P. Pagsberg, E. Ratajczak, and A. Sillesen, Chern. Phys. Lett. 

132,417 (1986). 
4L. J. Kirsch, D. A. Parkes, D. J. Waddington, and A. Woolley, J. Chern. 

Soc. Faraday Trans. 1, 75, 2678 (1979). 
5L. T. Cowley, D. J. Waddington, and A. Woolley, J. Chern. Soc. Fara

day Trans. 1, 78, 2535 (1982). 
6IUPAC, Supplement III, 1989 (see references in Introduction). 
7J. E. Bennett, D. M. Brown, and B. Mile, Trans Faraday Soc. 66, 386 

(1970). 

CHaCOCHzOz + CHaCOCHzOz -4 CHaCOCHzOH + CHaCOCHO + O 2 (1) 

~ 2CH3COCH20 + O2 (2) 

Rate coefficient data ( k = k1 + k2) 

Absolute Rate Coefficients 
~ 8.3 x 10- 12 

Comments 

Ternp./K 

298 

(a) k is defined by-d[CH3COCH20 2]/dt 
2 k [CH3COCH20 2]. 

2 

(b) Pulsed radiolysis experiments with CH3COCHr 0 2 

mixtures in 1 atm SF6. CH3COCH20 2 radicals were 
monitored by absorption at 310 nm and the rate coef
ficient k was derived from the observed second-order 
decays at high O2 concentrations. The derived value 
of ko = (8.3 ± 1.6) x 10- 12 cm3 molecule- 1 

S-1 at 
298 K is an upper limit, owing to the possibility of 
secondary reactions producing an enhanced decay of 
CH3COCH20 2 radicals. 

Preferred Values 

k ~ 1 X 10- 11 cm3 molecule- l S-1 at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Cox et al., 19901 (a,b) 

Comments on Pre/elTed Values 
We have recommended a rounded-off upper limit for 

the rate coefficient at 298 K, as determined by Cox et al. 1 

The secondary chemistry in that system, along with the 
absorption cross-section of the CH3COCH20 2 radical, re
quire further studies before the rate coefficient can be es
tablished with greater certainty. 

References 
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RCHOO + 0 3 ~ RCHO + 202 (1) 

RCHOO + H20 ~ products (2) 

RCHOO + CO ~ products (3) 

RCHOO + HCHO ~ RCHOOCH20 (4) 

RCHOO + C2H4 ~ products (5) 

RCHOO + NO ~ RCHO + N02 (6) 

RCHOO + N02 ~ RCHO + N03 (7) 

RCHOO + S02 ~ products (8) 

Rate coefficient data 

k fcm3 molecule -1 S-1 

Relative Rate Coefficients 
k,jkg = (6.1 ± 0.3) X 10-5 

kl:k3:k4:ks:kg = 2.5 X 10-3:1.8 
X 10-3:2.5 X 10- 1:2.5 X 10-3:1.0 

k.Jh = (2.3 ± 1) X 10-4 

k7fkg = (1.4 ± 0.4) X 10- 2 

Reviews and Evaluations 
k2 = 2 X 10- 19 to 1 X 10- 15 

k4 = 2 X 10- 16 to 8 X 10- 13 

k7 = 1 X 10- 17 to 7 X 10- 14 

kg = 3 X 10- 15 to 1.7 X 10- 11 

k2:k3:k 4:k6:k7:ks = 
5 x 10-5:2 x 10-3:0.25:102:10:1 

k2 - 4 X 1O- 1s 

k4 - 2 X 10- 14 

k6 = 7 X 10-12 

k7 - 7 X 10- 13 

ks - 7 X 10- 14 

k2 = 4 X 10- 16 

k3 = 1.3 X 10- 14 

k4 = 2 X 10- 12 

k6 = 7 X 10-12 

k7 = 1.0 X 10- 13 

ks = 7 X 10- 12 

Comments 

Temp./K 

295 
296 

298 
298 

298 
298 
298 
298 
298 

298 
298 
298 
298 
298 
298 
298 
298 
298 
298 
298 

( a) Derived from a reanalysis uf tlu; uala uf Cux am] 
Penkett8 from a study of the aerosol formation from 
S02 in the presence of OrOrcis-2-C4Hs mixtures at 
atmospheric pressure_ Tn this system the biradical in~ 
termediate involved is believed to be CH3tHOO. 

(b) FTIR study of the C2H4-03 reaction in the presence 
of OrN2 mixtures at a total pressure of 700 Torr and 
with added CO, HCHO, or S02. Relative rate coeffi
cients derived from a computer simulation of reac
tant consumption and product formation, based on a 
mechanism of 20 elementary reactions. 

( c) Flow system involving C2Hc Or SOr H20 mixtures 
in which H2S04 aerosol concentrations were moni
tored by scattered UV light. Relative rate coeffi
cients obtained from the dependencies of the aerosol 
formation on the concentrations of 0 3, S02, and 
H 20. 

Reference 

Calvert et af., 1978 1 

Su, Calvert and 
Shaw, 19802 

Suto, M;lnz;ln;lrf> ... ;Inn T .f>f>, lQ&43 

Manzanares, Suto and Lee, 19874 

Herron, Martinez and Huie, 19825 

Atkinson and Lloyd, 19846 

Kerr and Calvert, 19847 

Comments 

(a) 
(b) 

(c) 
(d) 

(e) 
(f) 
(g) 

. (h) 
(i) 

(j) 
(j) 
(k) 
(j) 
(j) 
(I) 
(I) 
(I) 
(I) 
(I) 
(I) 

(d) Similar study to that of comment (c), with the inclu
sion of the effect of added NOz on the formation of 
the H2S04 aerosol. 

(e) Based on the ratio kiks = 6 X 10-5
, as derived by 

Calvert et at.1 from the data of Cox and Penkett,S and 
taking 3 x 10- 15 c:: ks c:: 1.7 X 10- 11 cm3 molecule- 1 

S-1 [see comment (i)]. 
(f) Based on a study of the ozonide formation in the sys

tem OrOz-cis-2-C4Hg-HCHO by Niki et at.9 and on 
thermochemical kinetic estimates of Nangia and 
Benson. lO Details were not provided. It has been as
sumed that the reactivities of the tH200 and 
CH3CHOO biradicals are identical. 

(g) Derived from the ratio k4/k7 = 14, which has been 
estimatedS from the data of Martinez et a/. ll from a 
study of the reduction in secondary ozonide forma
tion from the Or02-trans-2-C4Hs reaction in the 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 



1300 ATKINSON ET AL. 

presence of N02. k7 was calculated by taking 2 x 
10-16 < k4 < 8 X 10- 13 cm3 molecule- I 

S-1 [see com-
ment (f)]. It has been ~ssu~ed that the reactivities of 
the tH20 6 and CH3CHOO biradicals are identical. 

(h) Based on the suppression of ozonide formation in the 
03-0 2-Cis-2-C4Hs-HCHO system by S02 observed 
by Niki et al.9 and on thermochemical kinetic esti
mates of Nangia and Benson. ID Details were not pro
vided. It has been assumed that the reactivities of the 
CH206 and CH3CHOb biradicals are identical. 

(i) The relative rate coeffici~nts a~e proposed on the ba
sis that the data on CH200 (Su et al.2

) and on 
CH3tHOb (Cox and Penkett8

) can be amalgamated, 
i.e., tH206 and CH3tH06 have the same reactivi- . 
ties. From the studies of Akimoto et al. 12

,13 on the 
03-C2H 4 and C3H6 system, it was estimated that 
k6:k7:ks = 102:10:1. 

(j) Calculated from the above relative rate coefficients 
and assuming that k6 = 7 X 10- 12 cm3 molecule- 1 S-I 

[see comment (k)]. 
(k) This rate coefficient was assumed to have a value 

similar to that for the reaction of alkylperoxy radicals 
with NO (R02 + NO -"J> RO + N02), and hence k6 
== 7 X 10- 12 cm3 molecule- I S-I. 

(I) Calculated (i) on the assumption that k6 = ks and 
taking the estimatell value uf k6 = 7 X 10- 1

' l:Ill' 

molecule -1 s -I of Atkinson and Lloyd6 and (ii) from 
the relative rate data of Calvert et al., 1 Su et al. 2 and 
of Suto et 111.3 

Preferred Values 

No recommendation. 

Comments on Preferred Values 
ThiS data sheet is largely reproduced from our previous 

evaluation, IUPAC, 1989.14 Vibr~tion~lly excited Criegie 
intermediates or biradicals, [RCHOO]+, are produced 
from the reactions of 0 3 with alkenes. 15 These species de
compose unimolecularly to give molecular or radical 
products or undergo collisional ~eacti.vation to yield ther
mally equilibrated bir~dicals, ~CHOO: Here we c?nsider 
the kinetic and other IOformatton relatlOg to the bImolec
ular reactions that have been proposed for these ther-
mally equilibrated biradicals. . . 

studies have been made of the reactions of RCHOO 
with aldehydes,2.9.16-19 S021,2,8,9,20 and H20,1,8.12,21 but de-
tailed kinetic data are often lacking. Relative rate coeffi
cie~ts have been derived by Calvert et ai., 1 Su et al. 2 and 
Suto et al.,3 based on experimental measurements of the 
rates of consumption of molecular reactants relative to 
consumption of 502 in systems involving RtHOb birad
icals. The only compound, other than S02, common to 
any of these studies is H20, for which the derived relative 
rate coefficients differ by a factor of - 4. Notwithstand
ing this discrepancy, these relative rate measurements are 
the only experimental basis on which to assess the rates 
of these reactions. It is apparent from these measure
ments that the reactions of the biradicals CHi:HOb 
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with 0 3, CO and alkenes are not important under atmo
spheric conditions. The reactions with H20, RCHO, N02, 
and S02 need to be considered, although for most tropo
spheric conditions the only effective reaction of the bi
radicals is likely to be that with H20 forming acidic 
products. 

Previous reviewers6,7 have made the reasonable as
sumption that the reaction of RtHOb with NO could 
also be significant, based on estimates of the energetics of 
the proposed reaction pathway ReHOb + NO ~ 
RCHO + N02. Unfortunately, there is no direct experi
mental evidence for this reaction and very little informa
tion upon which to base an estimate of its rate coefficient. 
Atkinson and Lloyd6 have estimated the relative rate co
efficients for ReHOb reacting with NO and 503, corre
sponding to kJk7 102

, whereas Kerr and Calvert' 
propose kJk7 1. Experimental data on this ratio of rate 
coefficients are badly needed. 

In the absence of direct kinetic measurements of the 
absolute rate coefficients of any of the ReHOb bimolec
ular reactions, both Atkinson and Lloyd6 and Kerr and 
Calvert? have suggested that k6 should be equated to the 
rate coefficient for the structurally analogous reactions, 
R02 + NO -"J> RO + N02, with k6 = 7 X 10- 12 cm3 

molecule -I s -1 at 298 K. While this seems a reasonable 
prupusiliun, it is lIt!sirable to ubtain expt!rimt!lllal verifi
cation. At present it is difficult to see how any direct mea
surements could be made with RtHOb systems 
involving OJ-alkene reactions owing to the complex 
chemistry involved. In this regard the recent studies of 
Hatakeyama et al,ll involving the generation of CH200 
biradicals from the reaction of CH2eB1) with O2 are of 
considerable interest. 

In deriving the relative rate coefficients listed above, it 
has been necessary to compare data obtained from differ
ent Ol-alkene systems and to assume that all the 
ReHOb biradicals have equal reactivity, e.g., eH200 
and CH3eHOO. Again, while this seems to be a reason
able assumption. it requires experimental verification. 

There is very little direct experimental evidence on the 
products of any of the reactions (1) to (8). Where the 
products are stated these have largely been suggested on 
the basis of analogy with related reactions. 

Recent studies of the reactions of 0 3 with trans -2-
butene,22,23 isoprene22.23 and monoterpenes22,23 have re
ported varying amounts of HzOz product. Since the yields 
of H20 2 were considerably enhanced by the presence of 
H20, it was proposed that H20 2 was formed in a direct 
reaction involving Criegie biradicals: 

R1R2tob + H20 -"J> (R1R2COO· H20) 

(R1R2COO· H20) -"J> R 1COR2 + H20 2 

In some of these experiments,22 as in previous 03-alkene 
studies,24,25 hydroperoxides were also detected as prod
ucts. The hydroperoxides were suggested to arise also 
from a direct Criegie biradical-H20 interaction: 
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0 3 + C2H2 ~ products 

Rate coefficient data 

k/cm3 molecule -1 S-1 

Absolute Rate Coefficients 
(7.8 ± 2.8) x 10- 20 

5.3 X 10- 12 exp[ - (5435 ± 201 )/T) 
6.4 x 10- 20 

(3.0 ± 0.5) x 10- 20 

(8.6 ± 0.9) x 10-20 

(3.8 ± 0.6) x 10- 20 

(7.8 ± 1.2) x 10-21 

Rpv;pw,. nnd Fvnl/Jn(;on~ 

1 X 10- 20 

1.0 X 10- 14 exp( -4100/T) 

Comments 

Temp./K 

303 
243-283 
298* 
294 
298 

297 
294 

298 
-298 

(a) Static system with IR absorption detection of 0 3 and 
CzHz. An approximate temperature dependence of 
20 kJ'mol- 1 was reported. 

(b) Static system with UV absorption detection of 0 3 at 
253.7 nm. 

(c) Static system with UV (253.7 nm) and/or IR (1053 
cm -1) absorption detection of 0 3. 

(d) Static system with chemiluminescence detection of 
0 3• 

(e) See Comments on Preferred Values. 

Reference Comments 

Cadle and Schadt, 19531 (a) 
DeMore, 19692 (b) 

DeMore, 197P (c) 
Stedman and Niki, 19734 (d) 
Pate, Atkinson and Pitts, 19765 

Atkinson and Aschmann, 19846 (d) 

IUPAC, 19897 (e) 
NASA,1990H (f) 

(f) The 298 K rate coefficient was based on the most re
cent (and lowest) measured rate coefficient of Atkin
son and Aschmann,6 and is identical to the previous7 

and present IUPAC recommendations. The temper
ature dependence was estimated. 

Preferred Values 

k = 1 X 10- 20 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
dlog k = ± 1.0 at 298 K. 

~ J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments on Pre/erred Values 
The literature data show a large degree of scatter at 

room temperature. While the most recent and lowest rate 
coefficient of Atkinson and Aschmann6 may be the most 
accurate (any impurities would lead to higher rate con
stants), the pref~rr~d value and its associated large un
certainty cover the available 298 K rate coefficients. No 
recommendation is made regarding the temperature de
pendence. 

References 

lR. D. Cadle and C. Schadt, J. Phys. Chern. 21, 163 (1953). 
2W. B. DeMore, Int. J. Chern. Kinet. 1,209 (1969). 
3W. B. DeMore, Int. J. Chern. Kinet. 3, 161 (1971). 
4D. H. Stedman and H. Niki, Environ. Leu. 4, 303 (1973). 
sC. T. Pate, R. Atldnson, and J. N. Pitt", .Jr., J. Environ. Sci. Health All. 
t (1976). 

6R. Atkinson and S. M. Aschrnann, Int. J. Chern. Kinet. 16,259 (1984). 
7IUPAC, Supplement III, 1989 (see references in Introduction). 
IINASA Evaluation No.9, 1990 (see references in Introduction). 

Rate coefficient data 

k/crnJ rnolecule-1 S-1 

Absolute Rate Coefficients 
(3.6 ± 1.4) X to-III 
1.35 X 10- 111 

2.8 X to- 15 exp[ - (2114 ± 201)/T] 
(2.66 ± 0.33) x 10- 111 
3.3 X to- 18 

3.3 x to- 1S exp[-(2365 ± 101)/T] 
1.18 x to-III 

(1.55 ± 0.15) x 10- 111 

1.2 X 10- 14 exp[ - (2491 ± 101 )/T] 
2.8 x 1O-!lS 

9.00 x 10- 15 exp[-(2557 ± 167)IT] 
1.69 x 10-18 

(1.9 ± 0.1) x 10- 111 
(1.9 ± 0.1) x 10- 111 

(1.69 ± 0.13) x 10- 111 

(1.8 ± 0.1) x 10- 111 

3.2 X 10- 14 exp( -2920IT) 
1.6 X 10- 111 

1.8 X 10- 111 

2.6 X 10- 14 exp[ - (2828 ± 181)IT] 
1.97 x 10- 111 

(1.43 ;;!;; 0.19) x 10- 111 

7.72 X 10- 15 exp[ - (2557 ± 30)IT] 
(1.45 ± 0.10) x 10- 111 

Reviews and Evaluations 
1.20 x 10 -14 exp( - 26331T) 
1.2 x 10- 14 exp( - 2630/T) 
1.2 x 10 -14 exp( - 2630/T) 

Comments 

Temp./K 

303-323 
-298 

303-373 
303 
298 
178-233 
298* 
299 

-284-347 
298 
235-362 
298 
299 
299 
303 
298 
260-294 
294 

-298 
283-304 
298 
2Y6 
232-298 
298 

178-362 
180-360 
180-360 

(a) Static system, with IR absorption detection of C2H4 
and 0 3• 

(b) Both static and stirred flow reaction systems were 
used, with IR absorption spectroscopic detection. 

(c) Stirred flow reactor used with wet chemical analysis 
of 0 3• 

(d) Static system with wet chemical analysis of 03. 
(e) Static system, with UV absorption detection of 0 3 at 

253.7 nm. 
. (f) Static system, with chemiluminescence detection of 

0 3• 

(g) Static system, with UV absorption detection of 0 3 at 
253.7 nm. Low total pressures used, and it was noted 
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Reference 

Cadle and Schadt, 19521 

Hanst et al., 19582 

Bufalini and Altshuller, 19653 

Bufalini and Altshuner, 19653 

DeMore, 19694 

Stedman, Wu and Niki, 19735 

Becker, Schurath and Seitz, 19746 

Herron and Huie, 19747 

Japar, Wu and Niki, 19748 

Japar, Wu and Niki, 1976Y 

Toby, Toby and O'Neal, 1976111 

Su, Calvert and Shaw, 198011 

Adcniji, Kerr and Williams, 1981 12 

Niki eta!., 1981 13 

Kan et al., 1981 14 

Atkmson et al., 198213 

Bahta, Simonaitis and Heicklen, 198416 

Atkinson and Carter, 198417 

IUPAC, 1989111 

NASA,199019 

Comments 

(a) 
(b) 
(c) 

(d) 
(e) 

(f) 
(g) 

(h) 

(f) 
(t) 
(e) 
(i) 
(f) 

(i) 
(i,j) 

(f) 
(e) 

(k) 
(I) 
(m) 

that insufficient O2 was present to minimize the oc
currence of secondary reactions. Hence these data 
are upper limits to the elementary rate coefficients. 

(h) Stopped flow system, with MS detection of 0 3• Car
ried out at total pressure of -4 Torr, but with suffi
cient 02 present to minimize the occurrence of 
secondary reactions removing 0 3• 

(i) Static system, with analysis of 0 3 and C2lL by FfIR 
absorption spectroscopy. 

0) Arrhenius expression derived from the data of Su 
et al. lI and Kan et al., 14 both of these studies being 
conducted by the same research group using the 
same experimental techniques. 

(k) Derived from the rate coefficient data of DeMore,4 
Stedman et al.,s Herron and Huie,' Japar et al.,8,9 
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Illhy et al., 10 Su et al.,l1 Adeniji et al., 12 Kan et al.
I4 

and 
\ I "-lOson et al. 15 The earlier data of Cadle and Schade 
11111 Bufalini and AltshuIler3 were not used because of 

I pl~stionsregarding the validity of the experimental 
"Il.thod~ n~ed, those of Hanst et al.2 and Niki et af Y 
\ \ }uld not be used since the temperature was not speci
Ilcd and the rate coefficients of Becker et al.

6 are recog-
1"/c'd to be erroneously high due to the presence of 
1I1\ufficient 02 to avoid or mimmize secondary reactions 
I ('moving 0 3. 
( I) See Comments on Preferred Values. 
(111) Accepts the IUPAC, 1989, evaluation l8 based on the 
I.de coefficient data of DeMore,4 Stedman et aI.,s Herron 

10 I II Ad ... ,Iud Huie,1 Japar et al.,8.9 Toby et al., Su et a ., em]1 
('/ al.,12 Kan et al., 14 Atkinson et aI. 15 and Bahta et al.

I6 

Preferred Values 

k = 1.7 X 10- 1
& l:lll' lllOlecule-' S-I at 298 K. 

k = 1.2 X 10- 14 exp( -2630/T) cm3 molecule- l 
S-1 

over the temperature range 180-360 K. 

Reliability 
~log k == ±0.10 at 298 K. 
~(E/R) = ± 100 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.18 The preferred rate coefficient is 
derived from the data set4.5.7-12.14,15 utilized by Atkinson 
and Carter,17 together with the more recent rate coeffi
cients measured by Bahta et al. 16 (averaging the individ
ual data given at each temperature studied to provide a 
single rate constant for each of the temperatures 232, 
251, 272 and 298 K). As discussed by Atkinson and 
Lloyd20 and Atkinson and Carter,17 the initial reaction 
forms the energy-rich trioxane which rapidly decom
poses: 

]
* ....... 0 ........ o 0 • • :t: __ [I I -..- HCHO + [CHzOO] 

CH2--CH2 

to yield HeRO and the energy-rich biradical [CH206],* 
This energy-rich biradical can either decompo~e or he 

stabilized 

M 
[CH200]:t: -... CH

2
00 

{a} 

(b) 

(c) 

(d) 

At room temperature and atmospheric pressure, the frac
tion of stabilization is 0.37,11,13,14,21 and the fractions of the 
overall reactions proceeding via pathways (a) through (c) 
are then approximate1y 0.13, 0.44, and 0.06, respec
tively.17,20 The re1ative importance of these decomposi
tion/stabilization reactions of the [CH200]* radical are, 
however, pressure dependent, with no quantitative data 
being available other than at -1 bar of air. 
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3J. J. Bufalini and A. P. Altshuller, Can. J. Chern. 43, 2243 (1965). 
4W. B. DeMore, Int. J. Chern. Kinet. 1, 209 (1969). 
5D. H. Stedman, C. H. Wu, and H. Niki, 1. Phys. Chern. 77, 2511 (1973). 
OK. H. Becker, U. Schurath, and H. Seitz, Int. J. Chern. Kinet. 6, 725 

(1974). 
7J. T. Herron and R. E. Huie, J. Phys. Chern. 78, 2085 (1974). 
liS. M. Japar, C. H. Wu, and H. Niki, J. Phys. Chern. 78, 2318 (1974). 
'IS. M. Japar, C. H. Wu, and H. Niki, J. Phys. Chern. 80, 2057 (1976). 
IOF. S. Toby, S. Toby, and H. E. O'Neal, Int. J. Chern. Kinet. 8, 25 

(1976). 
lIF. Su, J. (t Calvert, and J. H. Shaw, J. Phys. Chern. 84, 239 (1980). 
12S. A. Adeniji, J. A. Kerr, and M. R. Williams, Jnt. J. Chern. Kinet. 13, 
209 (1981). 

I3H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys. 
Chern. 85. 1024 (1981) 

14C. S. Kan, F. Su, J. G. Calvert, and J. H. Shaw, J. Phys. Chern. 85, 2359 
(1981). 

15R. Atkinson, S. M. Aschmann, D. R. Fitz, A. M. Winer, and J. N. Pitts, 
Jr., Int. 1. Chern. Kinet. 14, 13 (1982). 

J(,A. Bahta, R. Simonaitis, and J. Heicklen, Int. J. Chern. Kinet. 16, 1227 
(1984). 

17R. Atkmson and W. P. L Carter, Chern. Rev. 84, 437 (1984). 
1HIUPAC, Supplement III, 1989 (see references in Introduction). 
J'INASA Evaluation No.9, 1990 (see references in Introduction). 
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Rate coefficient data 

Absolute Rate Coefficients 
6.2 X 10- 18 

8.1 X 10- 18 

1.26 X 10- 17 

(1.25 ± 0.10) X 10- 17 

1.10 X 10- 14 exp[ - (1968 ± 101)/T] 
1.45 X 10- 17 

6.14 X 10- 15 exp[ - (1897 ± 109)/T] 
1.06 X 10- 17 

(1.30 ± 0.01) X 10- 17 

(1.32 ± 0.03) X 10- 17 

1.3 X 10-14 exp( -2U13/T) 
1.26 X 10- 17 

(1.04 ± 0.14) X 10- 17 

Reviews and Evaluations 
1.32 X 10- 14 exp( -2105/T) 
1.3 X 10- 14 exp( - 2105/T) 
6.5 X 10- 15 exp( -1900/T) 

Comments 

Temp./K 

-298 
-298 

296 
299 
286-358 
298 
235-362 
298 
299 
299 
260-294 
294 
296 

250-362 
250-360 
235-360 

(a) Static system, with wet chemical analysis for oxidant. 
(b) Both static and stirred flow reaction systems were 

used, with IR absorption spectroscopic detection. 
( c) Static system with detection of 0 3 by both chemilu

minescence and wet chemical analysis. 
(d) Static system, with chemiluminescence detection of 0 3• 

(e) Static system, with UV absorption detection of 0 3 at 
253.7 nm. Low total pressures used, and it was ob
served that the presence of O2 was necessary to min
imize the occurrence of secondary reactions. It is 
possible that these data are still upper limits to tne 
elementary rate coefficients. 

(f) Stopped flow system, with MS detection of 03. Car
ried out at total pressure of -4 Torr, but with suffi
cient O2 present to minimize the occurrence of 
secondary reactions removing 0 3. [Due to a typo
graphical error,13 the lowest temperature studied was 
235.0 K, and not 250.0 K as stated.13

] 

(g) Derived from the rate coefficients of Cox and Pen
kett,3 Stedman et al.,4 Herron and Huie,6 Japar 
et al./'s Adeniji et al.,9 and Atkinson et al. 1o The ear
lier data of Cadle and Schade were not used because 
of questions concerning the validity of the wet chem
ical analysis used, and in any case the temperature 
was not specified. This was also the case for the study 
of Hanst et al.2 The data of Becker et al.5 were not 
utilized in the evaluation since they were - 40% 
higher than the other data used,3,4,6-10 possibly due to 
the presence of insufficient O2 to avoid secondary re
actions. 

(h) See Comments on Preferred Values. 
(i) Based mainly on the absolute rate coefficient data of 

Herron and Huie.6 
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Reference 

Cadle and Schadt, 19521 

Hanst et aI., 19582 

Cox and Penkett, 19723 

Stedman, Wu and Niki, 19734 

Becker, Schurath, and Seitz, 19745 

Herron and Huie, 19746 

Japar, Wu and Niki, 19747 

Japar, Wu and Niki, 19768 

Adeniji, Kerr, and Williams, 1981" 

Atkinson et al., 198210 

Atkinson and Carter, 198411 

IUPAC, 198912 

NASA, 199013 

Preferred Values 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 

(f) 

(d) 
(d) 
(d) 

(d) 

(g) 
(h) 
(i) 

k = 1.2 X 10- 17 cm3 molecule- I S-I at 298 K. 
k = 6.5. x 10- 15 exp( -1880/T) cm3 molecule- 1 S-I 

over the temperature range 230-370 K. 

Reliability 
~Iog k = ±0.15 at 298 K. 
~(E/R) = ±400 K. 

Comments on Preferred Values 
Derived from a least-squares analysis of the absolute 

rate coefficient data of Cox and Penkett,3 Stedman et ai.,4 
Herron and Huie,6 Japar et al.,7,s Adeniji et al.9 and 
Atkinson et al. 10 While this data set was used by the ear
lier evaluations of Atkinson and Carterll and lUPAC, 
1989,12 the incorrect value of 250.0 K was previously 
used ll

•
12 for the lowest temperature studied by Herron 

and Huie6 (rather than 235.0 K), due to a typographical 
error13 in the publication of Herron and Huie.6 The 
present evaluation uses the corrected data and is essen
tially identical to the recent NASA, 1990, evaluation. i3 

The reaction proceeds via the initial formation of a tri
oxane, which rapidly decomposes: 
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The rate coefficient ratio kalkb has not been experimen
!.lIly determined, and is assumed to be approximately 
IlIlIly. It is generally assumed ll ,14 that the reactions of the 
[ Ilagy-rich biradical [CH200]* formed from propene are 
'.lInilar to those for [CH200]* formed from ethene. 
I knee, as for the 0 3 + C2H4 reaction, at room tempera
Illre and 1 bar of airll,14,15 

-13% 

-44% 

-6% 

37% 

Less data are available concerning the stabilization and 
decomposition reactions of the [CHi::HOO]* biradical. 
Based upon the S02 to H2S04 conversion yield in an 0 3 

I- propene reaction system, Hatakeyama ef 01.15 deter
mined an overall stabilized biradical (CH200 + 
CHi:HOO) yield of 0.254 ± 0.023 at room temperature 
.Ind atmospheric. pressure. Assuming that ka = kb and 
that the [CH200}1= stabilization yield is 0.37, then the 
traction of [CH3CHOO]+ biradicals which are stabilized 
at - 298 K and 1 bar of air is 0.14. While the stabilization/ 
decomposition yields are expected to depend on the indi
vidual alkene reacting with 0 3 (and on the total pressure 
and temperature), this fraction of [CH3CHOO] biradicals 
which are stabilized at 298 K and 1 bar of air is similar to 
the measured yields of stabilized CH3CHOO from trans-
2-butene (0.185 15) and cis-2-butene (0.18 16). A yield of 
stabilized CH3CHOO from [CH3CHOO]* of 0.15 at 298 K 
and 1 bar of air is recommended, consistent with the 
product data of Hatakeyama et al. 15

: 

M •• 

-[ 

CH3CHOO 

[CH3CHOO]1 

decomposition 

(15%) 

(85%) 

The decomposition pathways are less well under
stood,11,14 but are expected to involve formation of CH3 + 
CO + OH, CH3 + CO2 + H, HCO + CH30, and CH4 
+ CO2, with approximate fractional overall yields as 
shown below (at -1 bar of air). 

M 
CH3CHOO (15%) 

CH3 + CO +OH (-27%) 

CH3 + CO2 + H (-34%) 

HCO + CH30 (-7%) 

CH4 + CO2 (17%) 
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Reaction 

HCHO + h v - H + HCO 
- H2 + CO 

Wavelength range/nm 

300-360 
235-365 

(1) 
(2) 

Comments 

ATKINSON ET AL. 

HCHO + hv -,» products 

Primary photochemical transitions 

MlfcJJkJ'mol- 1 

363.8 
-1.9 

Absorption cross-section data 

Reference 

Cantrell el al., 19901 

Rogers, 19902 

329 

Comments 

(a) 
(b) 

and extrapolated to zero HCHO concentrations using 
high resolution FT spectroscopy. 

(a) Cross-sections measured as a function of temperature (b) Cross-sections measured at 296 K over the pressure 
(223-293 K) at different concentrations of HCHO range 0.8-9 Torr by high resolution Ff spectroscopy. 

Preferred Values 

Absorption cross-sections for HCHO photolysis over the wavelength re- Absorption cross-sections for HCHO photolysis over the wavelength re-
gion 240-360 nm, T = 285 KB gion 240-360 nm, T = 285 Ka - Continued 

A/nm 1020 ulcm2 A/nm 1020 u/cm2 Mnm 1020 u/cm2 Atnm 1()21' u/cm2 

240 0.064 271 1.789 302 1.064 333 0.215 
241 0.056 272 1.227 303 3.201 334 0.171 
242 0.105 273 0.645 304 6.902 335 0.143 
243 0.115 274 0.656 305 4.914 336 0.194 
244 0.082 275 2.232 306 4.632 337 0.417 
245 0.103 276 2.416 307 2.100 338 2.360 
246 0.098 277 1.402 308 1.494 339 4.712 
247 0.135 278 1.050 309 3.407 340 2.481 
248 0.191 279 2.548 310 1.950 341 0.759 
249 0.282 280 2.083 311 0.521 342 0.681 
250 0.205 281 1.475 312 1.120 343 1.953 
251 0.170 282 0.881 313 1.116 344 1.137 

252 0.288 283 1.066 314 4.747 345 0.323 
253 0.255 284 4.492 315 5.247 346 0.113 
254 0.255 285 3.592 316 2.899 347 0.066 
255 0.360 286 1.962 317 5.373 348 0.122 

256 0.509 287 1.295 318 2.975 349 0.032 
257 0.339 288 3.356 319 0.918 350 0.038 

258 0.226 289 2.838 320 1.262 351 0.104 
259 0.504 290 1.304 321 1.529 352 0.713 
260 0.505 291 1.746 322 0.669 353 2.212 
261 0.549 292 0.832 323 0.345 354 1.536 
262 0.520 293 3.727 324 0.816 355 0.676 
263 0.933 294 6.535 325 1.850 356 0.135 
264 0.823 295 3.950 326 5.950 357 0.036 
265 0.430 296 2.333 327 3.485 358 0.0057 
266 0.495 297 1.513 328 1.087 359 0.058 
267 1.239 298 4.037 329 3.353 360 0.082 
268 1.110 299 2.871 330 3.321 
269 0.878 300 0.871 331 1.073 
270 0.936 301 1.715 332 0.289 

dAve raged over 0.5 nm wavelength intervals centered at the cited wave-
length [G. K. Moortgat and W. Schneider (unpublished data)]. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Absorption cross-sections for HCHO photolysis over the wavelength region 301.25 - 356.25 nm8 as a function of temperature (223-293 K)b 

alcm2 

Intercept Temp. 
Alnm 223 K 293 K (273 K) gradient 

301.25 1.38E-20 1.36E-20 1.37E-20 -2.lOE-24 
303.75 4.67E-20 4.33E-20 4.43E-20 -4.73E-23 
306.25 3.32E-20 3.25E-20 3.27E-20 -1.06E-23 
308.75 2.27E-20 2.22E-20 2.24E-20 -7.24E-24 
311.25 7.58E-21 9.31E-21 8.82E-21 2.48E-23 
313.75 3.65E-20 3.40E-20 3.47E-20 -3.64E-23 
316.25 4.05E-20 3.89E-20 3.94E-20 -2.30E-23 
318.75 1. 66E-20 1.70E-20 1. 69E-20 6.59E-24 
321.25 1.24E-20 1. 13E-20 1. 16E-20 -1.52E-23 
323.75 4.65E-21 4.73E-21 4.71E-21 1. 18E-24 
326.25 5.06E-20 4.44E-20 4.61E-20 -8.86E-23 
328.75 2.44E-20 2.29E-20 2.34E-20 -2.15E-23 
331.25 1.39E-20 1.28E-20 1.31E-20 1.53E-23 
333.75 9.26E-22 1.23E-21 1.14E-21 4.32E-24 
336.25 1.27E-21 1.13E-21 1.30E-21 5.03E-25 
338.75 3.98E-20 3.36E-20 3.45E-20 -8.96E-23 
341.25 8.0SE-21 9.36E-21 8.98E-21 1.86E-23 
343.75 1.44E-20 1.26E-20 1.31E-20 -2.64E-23 
346.25 3.39E-23 7.10E-22 5.18E-22 9.57E-24 
348.75 9.0SE-23 3.97E-22 3. 1 OE-22 4.38E-24 
351.25 1.69E-21 2.35E-21 2.16E-21 9.48E-24 
353.75 1.83E-20 1.55E-20 1.63E-20 -4.05E-23 
356.25 3.54E-22 1.25E-21 9.19E-22 1.27E-23 

"2.5 nm interval centered at given A. 
hAt any temperature within the range 223-293 K, a can be calculated from the listed temperature gradient (slope) and intercept fit parameters, with 
IT = (slope x T( 0c) + intercept) [CO A. Cantrell, J. A. Davidson, A. H. McDaniel, R. E. Shetter, and J. G. Calvert, J. Phys. Chern. 94, 3902 (1990)]. 

Quantum yields for HCHO photolysis 

Alnm 4>1 4>2 

240 0.27 0.49 
250 0.29 0.49 
260 0.30 0.49 
270 0.38 0.43 
280 0.57 0.32 
290 0.73 0.24 
300 0.78 0.21 
310 0.78 0.22 
320 0.62 0.38 
330 0.27 0.66 
340 0.00 0.56 
350 0.00 0.21 
360 0.00 0.03 

Comments on Preje"ed VaZues 
The cross-sections reported by Cantrell et aZ. 1 are in 

good agreement with the recommended data in our previ
ous evaluation/ which were taken from results of Moort
gat and Schneider.4 Here we have listed data from both 
studies arid we recommend the use of the Moortgat and 
Schneider4 data for A :::::; 300 nm and the Cantrell et aZ. 1 

data for A = 301-356 nm, the latter providing a temper
ature dependence over the range 223-293 K. 

The cross-sections measured by Rogers2 do not agree 
as well with our previous recommendations.3 This may be 
due to the failure in the study of Rogers2 to observe non-

linearity in the absorbance of HCHO as a function of 
HCHO concentration. 

The recommended values of the quantum yields are 
unaltered from our previous evaluation,3 which also con
tains plots of <PI and 4>2 as a function of wavelength. 

The problem of understanding the measured quantum 
yields and branching ratios, Y2 = 4>zI(<pl + 4>2)' remains 
unresolved. If the photochemistry were governed by a se
quence of light absorption into the first excited electronic 
state, internal conversion to the electronic ground state, 
and subsequent competition of the reactions HCHO* ~ 
H + HCO and HCHO* ~ H2 + CO, then the measured 
values uf Y 2 fur A :s 300 nm would be difficult to inter
pret. Simulations5 of the rates of the competing processes 
of HCHO* and measurements of the product yields in 
molecular beams7 would indicate that the radical channel 
(1), HCHO* ~ H + HCO dominates for A $ 300 nm, 
with Y2 ~ 0.1 at 284 nm.6 An analysis of the details of the 
photophysical processes 7 has failed to resolve this dis
crepancy with the macroscopic photochemical observa
tions. The branching ratios for $300 nm should therefore 
be treated with caution. 

References 

Ie. A. Cantrell, J. A. Davidson, A. H. McDaniel, R. E. Shetter, and J. 
G. Calvert, J. Phys. Chern. 94, 3902 (1990). 

21. D. Rogers, 1. Phys. Chern. 94, 4011 (1990). . 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4G. K. Moortgat and W. Schneider, unpublished data. 
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51. Troe, 1. Phys. Chern. 88, 4375 (1984). 
tip. Ho, D. J. Bamford, R. J. Buss, Y. T. Lee, and C. B. Moore, J. Chern. 

Phys. 76, 3630 (1982). 
7C. B. Moore and J. C. Weisshaar, Ann. Rev. Phys. Chern. 34, 325 

(1983). 

Reaction 

CH3CHO + hv - CH4 + CO (1) 
- CH3 + HCO (2) 
- CH3CO + H (3) 

CH3CHO + h v ~ products 

Primary photochemical transitions 

-19.5 
349.0 
359.5 

343 
333 

Measurement Wavc!ength)../nm Reference Comments 

«1>1 = 0.47 
<1>1 = U.33 

«1>1 = 0.06 
«1>1 = 0.01 
«1>1 = 0.00 
«1>1 = 0.00 

«1>1 = 0.00 
«1>1 = 0.00 

«1>2 = 0.31 
<1>2 = U.38 

«1>2 = 0.59 
«1>2 = 0.55 
«1>2 = 0.415 
«1>2 = 0.235 

«1>2 = 0.08 
<1>2 = 0.00 

«1>3 = 0.026 
«1>3 = 0.009 

«1>3 = 0.002 
<1>3 = 0.00 

4>3 = 0.00 

Comments 

260 
270 
280 
290 
300 
310 
313 
320 
330 
331-2 

(a) Evaluation of data of Horowitz and Calvere and of 
Meyrahn et al.3 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Mnm 

200 
210 
220 
240 
250 
260 
270 
280 
290 
295 
300 
305 
315 
320 
325 
330 
335 
340 
345 

Atkinson and Lloyd, 19841 (a) 

Preferred Values 

Absorption cross-section and quantum yields for 

CH3CHO photolysis (4)1 and 4>2 for 1 atm air) 

102(1 (J/cm2 

0.77 
0.31 

~O.l 

0.42 
1.0 
2.0 
3.4 
4.5 
4.9 
4.5 
4.3 
3.4 
2.1 
1.8 
1.1 
0.69 
0.38 
0.15 
0.08 

4>1 

0.46 
0.31 
0.05 
0.01 
0.00 

0.31 
0.39 
0.58 
0.53 
0.48 
0.43 
0.37 
0.17 
0.10 
0.04 
0.00 
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( 'omments on Preferred Values 
This data sheet is reproduced from our previous evalu

,Ilion, IUPAC, 1989.s The evaluated data on <PI and 4>2 
derived by Atkinson and Lloyd l from the experimental 
d.lta of Horowitz and Calvere and of Meyrahn et al.3 are 
III essential agreement with our previous recommend a
Ilons,4 which remain unaltered. 

References 

lR. Atkinson and A. C. Lloyd, J. Phys. Chern. Ref. Data 13,315 (1984). 
2A. Horowitz and J. G. Calvert, J. Phys. Chern. 86, 3105 (1982). 
3H. Meyrahn, G. K. Moortgat, and P. Warneck, presented at the 15th 

Informal Conference on Photochemistry, Stanford, CA, July 1982. 
4CODATA, Supplement II, 1984 (see references in Introduction). 
5IUPAC, Supplement III, 1989 (see references in Introduction). 

C2HsCHO + h v ~ products 

Primary photochemical transitions 

Reaction 

C2HsCHO - CZH5 + HCO (1) 
> C:,;Hb I CO (2) 

- CZH4 + HCHO (3) 
- CH3 + CHzCHO (4) 

343.1 
-7.1 

131.0 
336.4 

349 

913 
356 

Absorption cross-section data 

Wavelength range/nm Reference Comments 

200-300 Calvert and Pitts, 19661 (a) 

Quantum yield data 

Measurement 

4)1 ~ 0.12, 4>2 ~ 0.51, 4>3 ~ 0.06, 4>4 = 0.31 
4>4 = 0.08 

<\)1 ~ 0.28, 4>z ~ 0.37, 4>3 = 0.13, 4>4 = 0.039 
4>1 ~ 0.28, 4>2 ~ 0.34, 4>3 = 0.13, 4>4 = 0.012 
4>1 ~ 0.53, 4>2 ~ 0.13, 4>3 = 0.01, 4>4 = 0.007 
<1>1 ?;::: 0.48, $2 = 0.022, $3 """ 0.03, $4 = 0.00 
4>1 0.30 ± 0.05 
4>1 = 0.13 
4>1 = 0.28 
<1>1 - 0.22 

4>1 = 0.26 
4>1 0.067 
4>1 = 0.18 
~1 ~ 0.89 
4>1 = 0.85 
4>1 = 0.50 
4>1 = 0.26 
4>1 = 0.15 

Comments 

Wavelength/nm 

187 
238 
253.7 
256.4 
280.4 
313 

313 
254 
280 
302 
313 
326 
334 
294 
302 
313 
325 
334 

(a) Spectra were recorded in an 10 cm cell at 298 K and 
at several different pressures of C2HsCHO. The data 
were presented as a plot of e/dm3 mol- 1 cm -1 versus 
wavelength. 

(b) Summary of earlier data of Blacet and Pitts,S Blacet 
and Crane6 and Borkowski and Ausloos.7 

Reference Comments 

Calvert and Pitts, 19661 (b) 

Shepson and Heicklen, 19822 (c) 
Shepson and Heicklen, 19823 (d) 

Hdl:klt:u et ui., 19864 (c) 

( c) Steady-state photolysis of C2HsCHO at 313 nm and 
295 K in presence of O2, 02-He, 02-N2, 02-NO and 
02-cis -2-C4Hs mixtures. Quantum yields for CO and 
other products measured as a function of the concen
trations of O2, C2H sCHO, etc. <Pco measurements indi
cated that C2HsCHO* from absorption was pressure 
quenched and the quoted value of <PI is for 1 atm of 
air. 
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(d) An extension of the experiments of Shepson and He
icklen2 at a range of wavelengths and at 296 K. The 
quoted values of 4>1 are for 1 atm of air. 

(e) Flash photolysis of C2HsCHO in the presence of air 
and steady-state photolysis of C2HsCHO in presence 
of O2 at 263 or 298 K. Quantum yields of CO and 
C2H6 were measured as a function of wavelength and 
of pressure of added O2• From the proposed mecha
nism it was deduced that 4>1 = (4)co - 4>C2Ht.), and the 
values of 4> quoted are for 1 atm of air. 

Preferred Values 

A/om 1020 u/cm2 

230 0.00 
240 0.46 
250 1.1 
260 2.4 
270 4.1 
280 5.2 
290 5.7 
294 0.89 
300 5.0 
302 0.85 
310 3.7 
313 0.50 
320 1.9 
325 0.26 
330 0.80 
334 0.15 
340 0.26 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.8 The preferred values of the absorp
tion cross-sections are taken from the plot of the 
extinction coefficient as a function of wavelength re
ported by Calvert and Pitts, 1 and are the actual values for 
the wavelengths indicated rather than averaged values. 

The preferred values of the quantum yields for the 
photodissociation yielding C2Hs radicals are taken from 
the study of Heicklen et al.,4 and refer to photolysis in air 
at a total pressure of 1 atm. No explanation has been put 
forward to account for the large differences in the re
ported values of 4>1 as a function of wavelength.3,4 

References 

IJ. G. Calvert and J. N. Pitts, Jr., Photochemistry (Wiley, New York, 
1966). 

2p. B. Shcpson and J. Heicklen, J. Photochem. 18, 169 (1982). 
3p. B. Shepson and J. Heicklcn, J. Photochem. 19, 215 (1982). 
4J. Heicklen, J. Desai, A. Bahta, C. Harper, and R. Simonaitis, J. Pho~ 
tochem.34, 117 (1986). 

SF. E. Blacet and J. N. Pitts, Jr., J. Am. Chern. Soc. 74, 3382 (1952). 
6F. E Blacet and A. C. Crane, J. Am. Chem. Soc. 76,5337 (1954). 
7R. P. Borkowski and P. Ausloos, J. Am. Chern. Soc. 84, 4044 (1962). 
sIUPAC, Supplement III, 1989 (see references in Introduction). 

(CHOh + h v ~ products 

Reaction 

(CHO)2 + hv ~ H2 + 2CO (1) 
-+ 2HCO (2) 
~ CH20 + CO (3) 

Wavelength range/nm 

230-462 

Measurement 

q,!iq,3 = 0.19 
q,1 = 0.15, $2 = 0.0, $3 = 0.85 
q,1/$3 = 0.03, $2 = 0.0 
<PI = 0.01, $3 = 0.6 
<P = 0.29 ± 0.018 
$2 = 0.4 ± 0.2 

Primary photochemical transitions 

MlZ'Js/kJ 'mol- 1 

-9.1 
286.3 
-7.2 

Absorption cross-section data 

Reference 

Plum et aI., 19831 

Quantum yield data (q, = q,1 + q,2 + q,3) 

Wavelength/nm 

253.7 
313 
366 
435.8 
325-470 
308 

Reference 

Calvert and Pitts, 19662 

Plum et al., 19831 

Langford and Moore, 19843 
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418 

Comments 

(a) 

Comments 

(b) 

(c) 
(d) 
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Comments 

(a) Measured with a Cary 17-D spectrophotometer at 
glyoxal pressures of -3-13 Torr. 

(b) Review of earlier data of Blacet and Moulton,4 
Calvert and Layne,' Herzberg and Ramsat and Par
menter.' 

(c) Study of the rate of photolysis of glyoxal in air mix
tures at atmospheric pressure in an environmental 
chamber. The quantum yield for the photodissocia-

tion of glyoxal was obtained by dividing the observed 
ratio of the rate of photolysis of glyoxal to the rate of 
photolysis of N02 (measured under similar experi
mental conditions), by the same ratio calculated on 
the assumption that Q>,. = 1 for glyoxal. 

(d) Laser photolysis of 4.0 Torr glyoxal in 1000 Torr N2 
at 295 K. The HCO product was determined by time
resolved laser resonance absorption, and the quan
tum yield derived by comparing the HCO radical 
signals from HCHO and (CHO)2 photolyses. 

Preferred Values 

Absorption cross-sections for glyoxal 

A/nm 1020 u/cm2 A/nm 1020 u/cm2 Mnm 102!l u/cm2 

230.5 0.30 390 3.14 427 10.76 
235 0.30 391 3.45 428 16.65 
240 0.42 392 3.25 429 4.06 
245 0.57 393 2.23 430 5.07 
250 0.84 394 2.64 431 4.87 
255 1.15 395 3.04 432 4.06 
260 1.45 396 2.64 433 3.65 
265 1.88 397 2.44 434 4.06 
270 2.30 398 3.25 435 5.07 
275 2.60 399 3.04 436 8.12 
280 2.87 400 2.84 437 5.28 
285 3.33 401 3.25 438 10.15 
290 3.18 402 4.46 439 7.71 
295 3.33 403 5.28 440 24.76 
300 3.60 404 4.26 441 8.12 
305 2.76 405 3.05 442 6.09 
310 2.76 406 3.05 443 7.51 
312.5 2.88 407 2.84 444 9.34 
315 2.30 408 2.44 445 11.37 
320 1.46 409 2.84 446 5.28 
325 1.15 410 6.09 447 2.44 
327.5 1.46 411 5.27 441:) 2.84 
330 1.15 412 4.87 449 3.86 
335 0.30 413 8.32 450 6.09 
340 0.00 414 7.51 451 10.96 
345 0.00 415 8.12 4SZ 12.1~ 
350 0.00 416 4.26 453 23.95 
355 0.00 417 4.87 454 17.05 
360 0.23 418 5.89 455 40.60 
365 0.30 419 6.70 456 10.14 
370 0.80 420 3.86 457 1.63 
375 1.03 421 5.68 458 1.22 
380 1.72 422 5.28 459 0.41 
382 1.57 423 10.55 460 0.41 
384 1.49 424 6.09 461 0.20 
386 1.49 425 7.31 462 0.00 
388 2.87 426 11.77 

Comments on Pre/erred Values "effective" quantum yield of Q> 0.029 reported by Plum 
This data sheet is reproduced from our previous evalu- et al.1 is strictly valid only for the particular spectral dis-

ation, IUPAC, 1989.8 The preferred values listed above tributions used in their study. This value of <f> may be used 
are taken from the results of Plum et al.1 and are in good to calculate the rates of photolyses of glyoxal under tro-
agreement with the earlier published data summarized by pospheric conditions within the spectral region 325-470 
Calvert and Pitts.2 nm. F()r the lower wavelength band in the troposphere it 

The selection of preferred quantum yields for the pho- is recommended that the value <t> = OA, reported by 
tolysis of glyoxal as a function of wavelength under atmo- Langford and Moore3 at 308 nm, be used in such calcula-
spheric conditions must await further investigations. The tions. 
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CH3COCHO + h v ~ products 

Reaction 

CH3COCHO + hv - CH4 + 2CO 
- CH3CO + HCO 
- CH3CHO + CO 

Wavelength range/nm 

220--480 

Comments 

(1) 
(2) 
(3) 

Primary photochemical transitions 

-24.7 
284.0 
-5.2 

Absorption cross-section data 

Reference 

Meller et ai., 19911 

421 

Comments 

(a) 

Preferred Values 

(a) Measured over the range 220-480 nm by conven- Absorption cross-sections for mcthylglyoxal between 401 and 475 nm, at 

tional UV spectroscopy with detection of light by a 1 nm intervals 

diode array camera, in a cell of path length 63 cm and 
A/nm 1020 a/cm2 A/nm 10211 a/cm2 

with a spectral resolution of 0.07 nm. Also measured 
over the range 390-460 nm by in situ generation of 401 5.90 434 10.54 
methylglyoxal by the CI atom-initiated modulated 402 6.07 435 10.81 

photooxidation of acetol. 403 6.35 436 11.13 
404 6.54 437 9.99 

Preferred Values 405 6.91 438 10.59 
406 7.20 439 11.01 

Absorption cross-sections for methylglyoxal between 225 and 410 nm, at 407 7.58 440 9.94 

5 nm intervals 408 7.94 441 10.39 
409 8.12 442 10.20 
410 8.52 443 10.17 

A/nm 10211 a/em2 A/nm 1O:l11 a/em/. 411 8.63 444 11.17 
412 9.07 445 9.61 

225 1.268 320 1.511 413 9.37 446 8.90 
230 1.477 325 0.938 414 9.62 447 9.84 
235 1.803 330 0.652 415 9.68 448 9.18 
240 2.071 335 0.482 416 9.71 449 10.13 
245 2.304 340 0.323 417 10.04 450 8.67 
250 2.612 345 0.300 418 10.07 451 6.34 
255 2.~5Y 35U 0.394 419 10.12 452 6.33 
260 3.280 355 0.560 420 10.21 453 6.08 
265 3.618 360 0.695 421 10.34 454 4.46 
270 4.159 365 1.077 422 10.51 455 3.69 
275 4.413 370 1.475 423 10.45 456 3.08 
280 4.877 375 1.911 424 10.15 457 2.46 
285 4.719 380 2.429 425 10.34 458 1.81 
290 4.838 385 3.221 426 10.24 459 1.28 
295 4.362 390 4.029 427 9.84 460 0.914 
300 3.754 395 4.732 428 10.01 461 0.795 
305 3.361 400 5.664 429 9.94 462 0.642 
310 2.365 405 6.923 430 10.41 463 0.479 
315 1.891 410 8.459 431 10.53 464 0.332 

432 9.79 465 0.268 
433 10.64 466 0.227 
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Absorption cross-sections for methyl glyoxal between 401 and 475 nm, at 
I nm intervals - Continued 

A/nm 1()2° rr/cm2 Alnm 1020 rr/cm2 

467 0.187 472 0.089 

468 0.160 473 0.077 
469 0.133 474 0.067 

470 0.108 475 0.062 

471 0.099 

Comments on Preferred Values 
The recent measurements of the cross-sections re

ported by Meller et aZ.1 are approximately a factor of two 
higher than the previous measurements of Plum et al.2 

Here we have selected the former datal on the basis of 
the agreement between the cross-sections measured by 
Meller el ai. 1 by conventional spectruscupy awl frum in 
situ generation of methylglyoxal. In addition, Meller 
et al.1 found evidence of problems in the handling of 

methylglyoxal which were minimized by the in situ gener
ation technique and which seem likely to have been 
present in the study of Plum et aZ.2 

No further work has been reported on the quantum 
yields for the photolysis of methylglyoxal as a function of 
wavelength under atmospheric conditions. In our previ
ous evaluation3 we recommended under tropospheric 
conditions (within the spectral region 325-470 nm) the 
use ofthe "effective" quantum yield, <I> = 0.107, reported 
by Plum et al.2 Since, however, Plum et al.2 measured the 
rate of photolysis of methylglyoxal, and this is equal to 
f <TA<PAJAdA, the previously recommended "effective" value 
of <\>3 must be reduced by a factor of - 2 to be consistent 
with the increased values of (J' now being recommended. 

References 

lR. Meller, W. Raber, J. N. Crowley, M. E. Jenkin, and O. K. Moortgat, 
J. Photochem. Photobiol., A: Chemistry, 62, 163 (1991). 

zC. N. Plum, E. Sanhueza, R. Atkinson, W. P. L. Carter, and J. N. Pitts, 
Jr., Environ. Sci. Techno!. 17, 479 (1983). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 

Primary photochemical transitions 

Rt::action 

CH3COCH3 + h v ...... CH3CO + CH3 
...... 2CH3 + CO 

Wavelength range/nm 

200-340 
250-350 

(1) 
(2) 

Ml~9!lIkJ'mol-l 

338.9 
398.7 

Absorption cross-sootlon data 

Reference 

Calvert and Pitts, 19661 

Mcyrahn et al., 19862 

353 
300 

Comments 

(a) 
(b) 
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Quantum yield data C+ = +, + +2) 

Measurement 

+2/+ = 0.07 
+ = 1.00 
+2/+ = 0.22 
+ = 1.00 
+ = 0.074 
+ = 0.080 
+ = 0.076 
+ = 0.074 
4>1 = 0.76 
4>1 = 0.80 
4>1 = 0.64 
cPl = 0.55 
cPl = 0.30 
$1 = 0.15 
4>1 = 0.05 
4>1 = 0.028 
4>1 0.033 

Comments 

Wavelength/nm 

313 
313 
253.7 
253.7 
280 
290 
299 
313 
250 
260 
270 
280 
290 
300 
310 
320 
330 

(a) Graphical presentation of e/dm3 mol- 1 cm- 1 (base 
10) versus wavelength at 298 K. Spectrum deter
mined in a 10 cm path length cell over a range of 
pressures of CH3COCH3 at an undefined spectral 
resolution. 

(b) Absorption cross-sections measured from 250 to 360 
nm in cells of 0.1 and 1 m pathlength, with a resolu
tion of 0.04 nm at half-width. The tabulated cross
sections were derived by averaging the 
high-resolution data over 3 nm wavelength intervals. 

(c) Review of earlier work on photolysis of acetone va
por alone by Noyes et al.,4 Heicklen and Noyes,S He
icklen,6 Ausloos and Murad7 and Doepker and 
Mains.8 

(d) Measured at 298 K. 
(e) Measured above 373 K. 
(f) Study of the quantum yields of acetone loss and for

mation of C02, CO, CH30H, and HCHO products in 
the photolysis of dilute mixtures of acetone (- 0.36 
Torr) in air (25-745 Torr) over the temperature 
range 271-301 K. Quantum yields for acetone loss 
and formation of CO2 were equal, and the listed val
ues of <P are averaged data for 298 K, which were 
taken as a measure of the extent of photodissociation 
of acetone. 

(g) Study of the quantum yields of formation of CO2 and 
CO in the photolysis of dilute mixtures of acetone 
(0.1-0.15 Torr) in air (753 Torr) at room tempera
ture. In addition, the quantum yields of formation of 
peroxyacetyl nitrate (PAN) were measured when 
trace amounts of N02 (9.1 x 10-5 Torr) were added 
to the reactant mixtures. The listed values of <PI are 
the quantum yields of PAN, which were taken as a 
measure of the extent of primary process (1). 
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Reference 

Calvert and Pitts, 19661 

Gardner, Wijayaratne and Calvert, 19843 

Meyrahn et ai., 19862 

Preferred Values 

A/nm 1020 u/crn2 

250 2.37 
260 3.66 
270 4.63 
280 5.05 
290 4.21 
300 2.78 
310 1.44 
320 0.48 
330 0.08 
340 0.01 
350 0.003 

Comments on Preferred Values 

Comments 

(c,e) 
(c,d) 
(c,e) 
(c,d) 
(f) 

(g) 

4>1 

0.76 
0.80 
0.64 
0.55 
0.30 
0.15 
0.05 
0.028 
0.033 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.9 The preferred absorption cross-sec
tions, which are those measured by Meyrahn er al.,2 are in 
substantial agreement with the absorption spectrum re
ported by Calvert and Pitts.l 

The two recent studies2•3 of the photodissociation of 
acetone in air are not in agreement regarding the quan
tum yield measurements. As pointed out by Meyrahn 
et al.,2 further work on this system is needed to elucidate 
more quantitative details such as the collisional deactiva
tion of photoexcited acetone. In the meantime, we have 
recommended the quantum yield data of Meyrahn et al.,2 
on the basis that the trend in <PI with wavelength observed 
by these authors appears to be reasonable. 
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Reaction 

CH300H + hv ~ CH30 + HO (1) 
~ CH3 + H02 (2) 
~ CHJ0 2 + H (3) 

CHaOOH + hv --7 products 

Primary photochemical transitions 

188 
292 
359 

·Calculated assuming MI~ = !:JIi9H, Cp data not available for CH300H. 

Wavelength range/nm 

210-350 
210-280 
210-365 

Measurement 

Absorption cross-section data 

Reference 

Molina and Arguello, 19791 

Cox and Tyndall, 19792 

V:lghji:,mi Jlnd R:wi.;:hJlnbra, 19&()3 

Quantum yield data 

Wavelength/nm Reference 

637 
410 
333 

Comments 

(a) 
(b) 
(c) 

Comments 

<1>1 = 1.00 ± 0.18 248 Vaghjiani and Ravishankara, 19904 (d) 

(a) CH"OOH prepared by standard method and the ab
sorption measured in a long-path cell in 15 separate 
runs. Beers Law was obeyed. Similar spectrum was 
observed in aqueous solution, which agreed with ear
lier solution-phase work. 

(b) Absorption of the product of the reaction of 
CH30 2 + H02 in the photolysis of Ch-CH4-H2-02 

mixtures. The absorption was assumed to be due to 
CH300H. 

(c) CH300H prepared by methylation of H 20 2 and 
shown by IH NMR to be > 97% pure [major impurity 
(C2HshO]. CH300H concentrations were deter
mined by (i) trapping the vapor at 77 K and titrating 
with Fe2+ or r, or (ii) measurement of the ab
sorbance due to CH300H vapor by measuring its 
pressure in the absorption cell. 

(d) Direct measurements of products; OH by LIF and 
Oep) and H atoms by resonance fluorescence. 
Quantum yields for the formation of Oep) and H 
atoms of <1>0 < 0.007 and <l>H = 0.038 ± 0.007 were 
also obtained. 

Mnm 

210 
215 
220 
225 
230 
235 

240 
245 
250 
255 

260 
265 
270 
275 
280 
285 

Preferred Values 

Absorption cross-sections 

102() a/cm2 Mnm 1020 rr/crn2 

31.2 290 0.691 
20.9 295 0.551 
15.4 300 0.413 
12.2 305 0.313 
9.62 310 0.239 
7.61 315 0.182 
6.05 320 0.137 
4.88 325 0.105 
3.98 330 0.079 
3.23 335 U.U61 
2.56 340 0.047 
2.11 345 0.035 
1.70 350 0.027 
1.39 355 0.021 
1.09 360 0.016 
0.863 365 0.012 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments on Preferred Values 
The preferred absorption cross-section data are those 

of Vaghjiani and Ravishankara,3 which are approximately 
25% lower than the previously recommended data of 
Molina and Arguello. l The source of the discrepancy ap
pears to lie in the determination of the concentrations of 
CH300H in the absorption cell. Molina and Arguellol 

used a bubbler containing Fe2 + solution, which Vaghjiani 
and Ravishankara3 showed does not give quantitative 
trapping. 

On the basis of the results of Vaghjiani and Ravis
hankara,4 who showed that Q>oH-1.0 at A = 248 nm, we 
recommend that for atmospheric photolysis of CH300H, 
Q>1 be taken to be unity for wavelengths > 290 nm. 

References 

1M. J. Molina and G. Arguello, Geophys. Res. Lett. 6, 953 (1979). 
2R. A. Cox and G. S. Tyndall, Chern. Phys. Leu. 65, 357 (1979). 
3G. L. Vaghjiani and A. R. Ravishankara, J. Geophys. Res. 94, 3487 
(1989). 

40. L. Vaghjiani and A. R. Ravishankara, J. Chern. Phys. 92, 996 (1990). 

CHaON02 + hv ~ products 

Primary photochemical transitions 

Reaction 

CH30N02 + hv -+ CH30 + N02 (1) 
-+ HCHO + HONO (2) 
-+ CH30NO + 0 (3) 

170.5 
-68.4 
303.6 

702 

394 

Absorption cross-section data 

Wavelength range/nm Reference Comments 

Calvert and Pitts. 19661 220-325 
235-303 
190-330 
270-330 

Maria, McDonald, and McGlynn, 19732 

Taylor et al., 198()3 

(a) 
(b) 
(c) 
(d) Roberts and Fajer, 19894 

Comments 

(a) Graphical presentation of e/dm3 mol- l cm- 1 (base 
10) versus wavelength at 298 K. The spectrum was 
determined in a 10 cm pathlength cell, over a range 
of pressures of CH30N02 at an undefined spectral 
resolution. 

(b) Graphical presentation of E/dm3 mol- l cm -1 (base 
10) versus wavelength. The experimental conditions 
were unspecified. 

(c) Graphical presentation of absorption cross-section 
(cm2

) versus wavelength. 
(d) Absorption cross-sections measured in a 10.2 em path 

length cell, using a single-beam spectrometer with a 
photometric accuracy of ± 0.5%. Numerical data for 
cross-sections are available from Ref. 5. 

J. Phya. Chem. Ref. Data, Vol. 21, No.6, 1992 

A/nm 

270 
275 
280 
285 
290 
295 
300 
305 
310 
315 
320 
325 
330 

Preferred Values 

Comments on Preferred Values 

2.4 
2.0 
1.6 
1.2 
0.83 
0.56 
0.35 
0.21 
0.12 
0.067 
0.035 
0.017 
0.008 

The preferred absorption cross-sections are those mea
sured by Roberts and Fajer,4 which are in reasonable 
agreement with the absorption spectrum reported by 
Calvert and Pitts l and with the cross-sections reported by 
Maria et al.2 The results of Taylor et al? are consistently 
higher than the values of the other three studies, by as 
much as a factor of 2 in the region 290-330 nm. There is 
no apparent explanation of this discrepancy.5 
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The sole evidence on the primary processes comes 
from the study of Gray and Style,6 who concluded from 
the products of photolyses that reaction (1) occurred, but 
reported no quantum yield data. It has generally been as
sumed5 that the lack of structure in the absorption spec
tra of RONOz molecules indicates that the quantum yield 
for dissociation is unity. In the case of ethyl and propyl 
nitrates this conclusion is supported by experimental data 
on the rates of photolysis of the nitrates in sunlight (see 
comments on photolyses of other alkyl nitrates). 
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6J. A. Gray and D. W. G. Style, Trans. Faraday Soc. 49, 52 (1953). 

Primary photochemical transitions 

Reaction 

CzHsONOz + h v ~ C2H50 + NOz 
~ CH3CHO + HONO 
~ C2HsONO + 0 

(1) 
(2) 
(3) 

Wi'}'tI /kJ 'mol- 1 

170.0 
-91.2 

704 

Absorption cross-section data 

Wavelength range/nm Reference Comments 

175-225 
245-303 
270-330 
185-330 

Kaya, Kuwata and Nogakura, 19641 

Calvert and Pitts, 19662 

(a) 
(b) 
(c) 
(d) 

Roberts and Fajer, 19893 

Turberg et al., 19904 

Quantum yield data 

Measurement 

4>1 ~ 0.24 
4>2 ~ 0.09 
<1>" ~ 0.14 

Comments 

Wavelength/nm 

313 
313 
313 

(a) Graphical presentation of e/dm3 mol- 1 cm- I (base 
10) versus wavelength. The spectrum was determined 
in 0.7 and 3 cm pathlength cells, at unspecified pres
sures of C2H50N02 and at an undefined spectral res
olution. 

(b) Graphical presentation of e/dm3 mol-I cm -I (base 
10) versus wavelength at 298 K. The spectrum was 
determined in a 10 cm pathlength cell, over a range 
of pressures of C2HsON02 at an undefined spectral 
resolution. 

Reference Comments 

Rebbert, 19635 (e) 

(c) Absorption cross-sections were measured in a cell of 
10.2 em pathlength, nsing a single-beam spectrome
ter with a photometric accuracy of ± 0.5%. Numeri
cal data for cross-sections are available from Ref. 8. 

(d) Absorption cross-sections were measured in cells of 2 
and 10 em pathlengths with a range of pressures of 
C2HsON02 at an unspecified spectral resolution. 

(e) Study of the products (C2HsONO, CH3CHO, N02, 

and O 2) of photolyses of C ZH 50N02 alone and in the 
presence of NO at room temperature. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Alnm 

185 
188 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 

Preferred Values 

1710 260 
1760 265 
1710 270 
1490 275 
1140 280 
738 285 
400 290 
195 295 
91 300 
45 305 
24 310 
13 315 
8.0 320 
5.6 325 
4.7 330 
4.3 

Comments on Preferred Values 

4.1 
3.7 
3.2 
2.8 
2.3 
1.8 
1.3 
0.85 
0.54 
0.32 
0.18 
0.091 
0.045 
0.023 
0.011 

The preferred absorption cross-sections are from the 
measurements of Turberg et al.4 over the wavelength re
gion 185-265 nm, and are the average of the measure
ments of Roberts and Faje~ and of Turberg et al.4 over 
the wavelength region 270-330 nm. These two studies3

,4 

are in good agreement over the wavelength region 270-
315 nm, but show variations in the cross-sections of up to 

a factor of two over the region 320-330 nm. The data of 
Calvert and Pitts2 from 245 to 303 nm and of Kaya et al.1 

from 185 to 225 nm yield somewhat higher cross-sections 
than the preferred data. 

There are insufficient definitive data to recommend 
values of the quantum yields. It seems likely, however, 
since the absorption spectra of organic nitrates are struc
tureless continua, that the total primary quantum yields 
for dissociation are unity. Evidence for this conclusion 
comes from direct measurements of the rates of forma
tion of N02 from the photolyses of ethyl nitrate in sun
light.6

,7 These agreed well with the calculated rates of 
photolysis based on measurements of the absorption 
cross-sections, solar irradiances and an assumed value of 
<PI = 1 throughout the region 290-340 nm. 
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Primary photochemical transitions 

Reaction 

n-C3H70N02 + hv -+ n-C3H70 + NOz (1) 
-+ CzHsCHO + HONO (2) 
-+ C3H70NO + 0 (3) 

165.9 
-92.8 

Absorption cross-section data 

Wavelength range/nm 

270-330 
185-330 

Reference 

Roberts and Fajer, 19891 

Turberg et al., 19902 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

721 

Comments 

(a) 
(b) 
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Comments 

( a) Absorption cross-sections were measured in a cell of 
10.2 cm path length, using a single-beam spectrome
ter with a photometric accuracy of ± 0.5%. 

(b) Absorption cross-sections were measured in 2 and 10 
cm path length cells with a range of pressures of 
n -C3H70N02 at an unspecified spectral resolution. 

Preferred Values 

A/nm 1020 a/cm2 A/nm 

185 1810 260 4.3 
188 1830 265 4.0 

190 1800 270 3.6 
195 1600 275 3.0 
200 1260 280 2.5 
205 855 285 1.9 

210 489 290 1.4 
215 244 295 1.0 
220 114 300 0.66 
225 57 305 0040 
230 29 310 0.23 
235 16 315 0.17 
240 9.2 320 0.11 
245 6.4 325 0.07& 

250 5.0 330 0.060 
255 4.6 

Comments on Preferred Values 
The preferred absorption cross-sections are from the 

measurements of Turberg et al.2 over the wavelength re
gions 185-265 nm and 315-330 nm, and are the average 
of the measurements of Roberts and Fajer1 and of 
Turberg et al.2 over the wavelength region 250-310 nm. 
These two studies1

,2 are in agreement except at the 
longest wavelengths where the cross-sections become 
small, and consequently must involve large error limits. 

There are no data on either the products of 
photodissociation or the quantum yields. It seems likely, 
however, since the absorption spectra of organic nitrates 
are structureless continua, that the total primary quan
tum yields for dissociation will be unity. Evidence for this 
conclusion comes from direct measurements of the rate 
of formation of N02 from the photolyses of n -C3H70N02 
in sunlight? These agreed well with the calculated rates 
of photolyses, based on measurements of the absorption 
cross-sections, solar irradiances and an assumed value of 
<PI = 1 throughout the wavelength region 290-340 nm. 

References 

IJ. M. Roberts and R. W. Fajer, Environ. Sci. Techno!. 23, 945 (1989). 
2M. P. Turberg, D. M. Giolando, C. Tilt, T. Soper, S. Mason, M. Davies, 
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(1990). 
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Res. 94, 14905 (1989). 

i-C3t-hON02 + h., -'? products 

Primary photochemical transitions 

Reaction M1~9!!IkJ-mol-1 

;-C3H70N02 + hv - C3H70 + N02 (1) 171.7 
-105.9 - CH3COCH3 + HONO (2) 

- i -C3H70NO + 0 (3) 

Absorption cross-section data 

Wavelength range/nm Reference 

270-330 
185-330 

Roberts and Fajer, 19891 

Turberg et al., 19902 

697 

Comments 

(a) 
(b) 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Ab§orption cross-sections wete meas\lred in a 10.2 
cm.path length cell using a single-beam spectrometer 
with a . photometric accuracy of ±O.5%. Numerical 
data for cross-sections are available from Ref. 4. , 

(b) Absorption cross,.sections were meas\lred in 2 and 10 
cm path length cells with a J.'ange of pressures of i
C3H70N02at an unspecified spectral resolution. 

Preferred Values 

'; 'Alrim lOW u/cm2 Alnm 102°u/cm2 

185 17QO 260 4.9 
188 ~~~! " 265 4.6 
190 270 4.1 
195 1610 ' 275 3.6 
200 1260 280 2.9 
205 867 285 2.3 
210 498 290 1.7 
215 247 295 1.2 
220 117 300 0.81 
225 58 305 0.52 
230 31 310 0.32 
235 18 315 0.19 
240 11 320 0.11 
245 7.0 325 0.061 
250 5.7 330 0.037 
255 5.2 

Comments on Preferred l;"alu(!s 
The preferred absorption cross-sections are from the 

measurements qfTurberg et,al.2 over the waveli1n~th ref 
gion 185-265 nm,. and are tlW average of tpe measure
ments of Roberts and. Fajer i and of Turberg etpl.2 over 
the wavelength region 270-330,.nm. These two studies1

•2 

are in good agreement except at the longest wavelengths 
where the cross-sections. become small, and consequently 
must involve large error limits. 

There are no dat~ on either . the products of 
photodissociation or the quantum yields. It seems likely, 
however, since the absorption spectra of organic nitrates 
are structureless continua, that the tot~l primary quan
tum yields for dissociation will be unity. Evidence from 
measurements of the rate of formation of N02 from the 
photolyses of alkyl nitrates in sunlight supports tliis con
clusion.3 Thus the measured rates of formation of N02 

matched well with calculated rates of photolyses of the 
RON02 based on mea.surements of the absorption cross
sections, solar irradiances and an assumed value of<J>l = 
1 throughout the wavelength region 290-330 nm. 

References 
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2M. P. Turberg, D. M. Giolando, C. Tilt, T. Soper, S. Mason, M. Davies, 
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(1990). 

3W. T. Luke, R. R. Dickerson, and L. J. Nunnermaeker, J. Geophys. 
Res; 94; 14905 (1989). 

4J. M. Roberts, Atmos. Environ. 24A, 243 (1990). 

Prl!rary photochemical transitions 

Reaction 

CH30 2N02 h v - CH30:z + NOz 
- CH30 + N03 

(1) 
(2) 

88 
126 

'Only approximate values of l!J{°29H values are given since the heat of formation of CH30 zNOi is not well known. 

Wavelength range/nm 

200-310 
210-280 
240-280 

Absorption cross-section data 

Reference 

Cox and Tyndall, 19791 

Morel, Simonaitis and Heicklen, 19802 

Sander and Watson, 198cP 

J. Phys. Ctlem, Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) 
(b) 
(c) 
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Comments 

(a) CH30 2N02 ·was prepared from ' the photolysis of 
Ch-CH4-02-N02 mixtures at 275 ;; 'K,' Absorption 
cross-sections were based en the 'assumption that all 

., CH30 Z radicals produced in' the system reacted with 
NOz . . Correction for absorptions due to 'NOz and 0 3 

were also necessary. r-_,_ , 

(b) SiIriilar to (a) using 366 nm photolYSis and at 296 K. 
(c) Derived from the residual absorption in the flash 

phOtolysis of Ch-CH4 [or'(CH3)zNz] mixtures in the 
presence of 02 and NOzat 298 K. 0' was measured 
relative to theabsorptiori cross-section for CH30 2 in 
the range 240-280 mn,' assuming stoichiometric con
version of CH30 Z to CH302NOz. 

Preferred Values 
'. 

Absorption cross-sections for CH302N02 

~nm ' . 1020 a/cm2 ~nm -·r;: 10211 a/cm2 

200 500 265 20.0 
205 360 270 16.0 
210 240 275 13.0 
215 150 280 10.5 
220 105 285 6.2 
225 80 290 3.9 
230 68 295 2.4 
235 60 300 1.4 
240 53 305 0.85 
245 46 310 0.53 
250 39 315 0.39 
255 32 320 0.24 
260 26 325 0.15 

Comments on Preferred Values ;·:" 
In view of the thermal instability of CH30 zN02, the 

measurement of the cross-sections for CH:i02NOZ pre
sents considerable experimental problems. Nevertheless 
the three studies"yield values of O'_in moderately good 
agreement at wavelengths < 255 nin.4 At longer wave
lengths the agreement is less good and the experimental 
data from Cox and Tyndall, I which' are the only values ex
tending into the wavelength region of importance for the 
atmosphere (>.. ~ 290 nm), show.large'.scatter.4 The pre
ferred values given in the table for wavelengths> 280 nm 
are based on a comparison with the spectrum of HOzNOz 
(this evaluation). -:!",; 

There are no data to indicate the relative importance 
of the two photodissociationchannels, and neither can be 
precluded on energetic grounds in the absorbing wave
length region. By analogy ' with other molecules con
taining the - N02 chromophore (for example, HN03), it 
is likely that absorption around 270 nm is associated with 
an orbitally forbidden n -1T* transition which leads to dis
sociation of the molecule. Thus it is probable that <1>1 + 
<1>2 = 1. 

References 
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CH3C03N02 + hv ~ products 

Reaction 

CH3C03N02 + h v .... CH3C03 + N02 

.... CH3C02 + N03 

Wavelength range/nm 

200-300 
210-250 

(1) 
(2) 

Primary photochemical transitions 

119 
115 

Absorption cross-section data 

Reference 

Senum, Lee and Gaffney, 19841 

Basco and Parmar, 19872 

1005 
1040 

Comments 

(a) 
(b) 

lpaek

lpaek

lpaek

lpaek

lpaek
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Comments 

(a) Measured at 298 K in a 10 em cell with a spectral res
olution of 2 nm, and over the pressure range 2.5 to 25 
Torr of PAN. Cross-sections at A > 300 nm were not 
recorded since the light absorption was negligible in 
this region under the experimental conditions. 

(b) Derived from measurements fol1owing the flash pho
tolysis of mixtures of Ch, CH3CHO, Oz, Nz, and NOL 

at total pressures of 76-612 Torr. The absorption 
spectrum of PAN was obtained from the total resid
ual absorption 10 s to 2 min after the photoflash us
ing a xenon lamp as a monitoring source. 

Preferred Values 

Absorption cross-sections 

A/nm 1020 CT/cm2 A/nm 1020 CT/cm2 

200 317 255 7.9 
205 237 260 5.7 
210 165 265 4.04 
215 115 270 2.79 
220 77 275 1.82 
225 55 280 1.14 
230 39.9 285 0.716 
235 29.0 290 0.414 
240 20.9 295 0.221 
245 15.9 300 0.105 
250 10.9 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Comm.ents on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.3 The preferred values of the absorp
tion cross-sections are those reported by Senum, Lee and 
Gaffney, l which are in substantial agreement with the 
previously recommended provisional data,4 and with the 
less direct measurements of Basco and Parmar.2 

Measurements are still needed on the quantum yields 
and relative importance of the proposed primary pro
cesses. In the meantime, by analogy with other organic 
nitrates it is again suggested that it be assumed that 
(<PI + <1>2) == 1 for absorption in the UV region. Channel 
(1) forming CH3C03 and N02 would appear to be the 
more likely photochemical primary process. 
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2N. Basco and S. S. Parmar, Int. J. Chern. Kinet. 19, 115 (1987). 
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4.5. Sulfur Species 

0+ CS ~ CO + S 

!1HO = - 355 kJ'mol- 1 

Rate coefficient data 

J.. fcrn3 molecule -I s - 1 

Absolute Rate Coefficients 
(2.06 ± 0.14) x lO-11 
(2.24 ± 0.36) x lO-l1 
2.6 X lO-1O exp[ -(760 ± 140)fT] 
2.0 x lO-l1 

Relative Rate Coefficients 
1..2 x 10- 11 

Reviews and Evaluations 
2.7 x lO-1O exp(-760/T) 

Comments 

Temp./K 

305 
300 
156-215 
298* 

298 

150-300 

(a) Discharge flow system with detection of CS radicals 
by MS and [O]J[CS]o ~ 20. The rate coefficient was 
unaffected by a threefold variation of [O]/[CS]o. 

(b) Discharge flow system. CS radicals were monitored 
by absorbance at 257.6 nm and Oep) by 0 + NO 
chemiluminescence reaction. [CS]/[O] ~ 10. [Oep)] 
was maintained constant by the presence of O2 

which, through the reaction S + O2 ~ SO + 0, re
generated Oep) atoms consumed in the main reac
tion. 

( c) Discharge flow system with EPR and MS detection. 
The rate coefficient was determined from CO forma
tion in the presence of excess CS and CS disappear
ance in the presence of excess Oep). At low 
temperature, the presence of O2 produced an inter
fering chain reaction. To avoid this problem, at low 
temperature a discharge through NO rather than O 2 

was used as a source of Oep) atoms. 
(d) Discharge flow system used. OCP) was added to CS2, 

and the infrared chemiluminescence from the 0 + 
CS reaction monitored. N02 was added to compete 
for 0 atoms. A rate coefficient ratio of k/k(O + 
N02) = 2.3 was obtained, and placed on an absolute 
basis by use of k(O + N02) = 9.7 x 10- 11 emJ 

molecule- 1 
S-1 (this evaluation). 

(e) See Comments on Preferred Values. 

Preferred Values 

k = 2.1 X 10- 11 cm3 molecule- 1 
S-1 at 298 K. 

k = 2.7 X 10- 10 exp( -760/T) cm3 molecule- 1 S-1 over 
the temperature range 150-300 K. 

Reference 

Slagle et al., 1975 1 

Bida, Breckenridge and Kolin, 19762 

Lilenfcld and Richardson, 19773 

Hancock: and ~m1th, l~rtr' 

CODATA, 198<P; IUPAC, 19896 

Reliability 
Alog k ±0.1 at 298 K. 
f1(E/R) = ±250 K. 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 

(d) 

(e) 

This data sheet is reproduced from our previous evalu
ation, CODATA, 1980.5 Because of its significance in the 
CO chemical laser, this reaction has been the subject of 
a number of studies. l

-4 The rate coefficients k obtained at 
298 K fall within a range of about 20%. The preferred 
value is the mean of these measurements, all of which 
seem reliable. To obtain the preferred temperature-de
pendent expression for k, the only available value of E /R 
is accepted3 and the pre-exponential factor is adjusted to 
fit the preferred 298 K rate coefficient. 

References 

II. R. Slagle, R. E. Graham, J. R. Gilben, and D. Gutman, Chern. Phys. 
Lett. 32, 184 (1975). 

2G. T. Bida, W. H. Breckenridge, and W. S. Kolin, 1. Chern. Phys. 64, 
3296 (1976). 

'II. V. Li\t;llfdu dllU R. J. Ridld1U!)UIl, J. Cht:m. Phys. 67, 3991 (1977). 

4G. Hancock and I. W. M. Smith, Trans. Faraday Soc. 67, 2586 (1971). 
5CODATA, 1980 (see references in Introduction). 
6IUPAC, Supplement III, 1989 (see references in Introduction). 
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o + CH3SCH3 ~ CH3SO + CH3 

AHO = -132 kJ'rnol- 1 

Rate coefficient data 

k/crn3 rnolecule- 1 S-1 Ternp./K 

Absolute Rate Coefficients 
1.11 x 10- 11 exp[(460 ± 41)/T] 296-557 
5.11 x 10- 11 297 

Relative Rate Coefficients 
(5.51 ± 0.42) x 10-11 298 

Reviews and Evaluations 
1.3 x 10 -11 exp( 409fT) 270-560 

Comments 

(a) Modulated Hg photosensitization of N20 used as the 
source of Oep) atoms, which were detected by 
chemiluminescence from the OCP) + NO reaction. 
First-order rate constants were measured in the pres
ence of excess CH3SCH3 using a phase shift tech
nique. 

(b) Product analysis in the Hg photosensitization of 
N20-1-butene-CH3SCH3 mixtures. A rate coefficient 
ratio of k/k(OCP) + I-butene) = 13.8 ± 0.9 was 
measured, and has been placed on an absolute basis 
by use of k(OCP) + I-butene) = 4.0 x 10- 12 cm3 

molecule- 1 S-I.4 

(c) See Comments on Preferred Values. 

Preferred Values 

k = 5.0 X 10-11 cm3 molecule- 1 S-1 at 298 K. 
k = 1.3 X 10-11 exp(409/T) cm3 molecule- 1 S-1 over 

the temperature range 270-560 K. 

Reliability 
alog k = ±0.1 at 298 K. 
a(E/R) = ± 100 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Nip, Singleton, and Cvetanovic, 19811 (a) 

Nip, Singleton, and Cvetanovic, 19811 (b) 

CODATA, 19842; IUPAC, 198~ (c) 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.2 The data of Nip et al. l are in ex
cellent agreement, over the entire temperature range 
studied, with both of the studies of Lee et ai.S,6 The pre
ferred 298 K rate coefficient and the temperature depen
dence are obtained from a least-squares fit of the data 
from these three studies. I

•
5

•
6 Product studies 7 suggest that 

at high pressures (0.39-1.58 bar) the reaction proceeds 
almost entirely by addition followed by rapid fragmenta
tion to CH3 + CH3SO. 

References 

lW. S. Nip, D. L. Singleton, and R. J. Cvetanovic, J. Am. Chern. Soc. 
103,3526 (1981). 

2CODATA, Supplement II, 1984 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4D. L. Singleton and R. J. Cvetanovic, J. Am. Chern. Soc. 98, 6812 

(1976). 
51. H. Lee, R. B. Timmons, and L. J. Stief, 1. Chern. Phys. 64, 300 (1976). 
61. H. Lee, I. N. Tang, and R. B. Klemm, J. Chern. Phys. 72,1793 (1980). 
7R. 1. Cvetanovic, D. L. Singleton, and R. S. Irwin, 1. Am. Chern. Soc. 

103,3530 (1981). 
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o + C52 ~ 50 + C5 (1) 

~ CO + 52 (2) 

~ OC5 + 5 (3) 

6.HO(I) = -89 kJ'mol- 1 

6.HO(2) = -348 kJ'mol- 1 

6.HO(3) = -231 kJ'mol- I 

Rate coefficient data (k = k1 + k2 + k3) 

J.. fcm3 molecule - 1 S-1 Temp./K 

Absolute Rate Coefficients 
(3.3 ± 0.3) x 10- 12 298 

Branching Ratios 
k"!/k = 0.006 ;!; 0.002 298 

k-Jk = 0.006 ± 0.002 298 

Reviews and Evaluations 
:3.2 x 10- 11 cxp( - 650fT) 200-500 
3.2 X 10 -11 exp( - 650fT) 200-300 

Comments 

(a) Diffusion cloud technique with MS detection of CS2 

in the presence of excess Oep) atoms generated 
from discharge. Total pressure = 5-20 Torr. 

(b) See Comments on Preferred Values. 
(c) Based on the work of Westenberg and deHaas,S Cal

lear and Hedges,6 Slagle et al.,1 Wei and Timmons,8 
Graham and Gutman,9 Call ear and Smith lO and 
Homann et al. ll 

Preferred Values 

k = 3.6 X 10- 12 cm3 molecule -1 S-1 at 298 K. 
k = 3.2 X 10-11 exp( -650/T) cm3 molecule- 1 S-1 over 

the temperature range 200-500 K. 
kdk ~ 0.90 over the range 200-500 K. 

Reliability 
Alog k = ± 0.2 at 298 K. 
A(E/R) ±lUUK. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.2 There are several determina
tions of k at 298 K using a variety of techniques, which are 
in good agreement. The preferred value is an average of 
the values of Westenberg and deHaas,S Callear and 
Hedges,6 Slagle et al.,1 Wei and Timmons,8 Graham and 

Reference Comments 

Talrose et al., 19781 (a) 

Tahust:: et ai., 19781 (a) 

CODATA, 1984\ IUPAC, 1989~ (b) 
NASA,19904 (c) 

Gutman,9 Callear and Smith10 and Homann et a/. ll The 
preferred temperature coefficient is that of Wei and Tim
mons.s The temperature dependence measured by Gra
ham and Gutman9 and Homann et al. ll are in good 
agreement with the preferred value of E /R over the rec
ommended temperature range. 

There is little information on the branching ratios. The 
values of k3/k ::;: 0.006 and k2/k = 0.006 obtained by Tal
rose et a/. 1 at 298 K are lower than those found by Gra
ham and Gutman9 (k3/k = 0.096) and Hsu et a/. 12 (k2/k = 
0.016). At this stage our only recommendation for the 
branching ratios is that kdk > 0.90. 

References 

Iy. L. Talrose, N. 1. Butkovskaya, M. N. Larichev, 1. O. Leipintskii, I. 
I. Morozov, A. F. Dodonov, B. Y. Kudrov, V. Y. Zelenov, and Y. Y. 
Raznikov, edited by N. D. Daly, Adv. Mass spectrom. 7, 693 (1978). 

2CODATA, Supplement II, 1984 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
sA. A. Westenberg and N. deHaas, J. Chern. Phys. 50, 702 (1969). 
liA. B. Callear and R. E. M. Hedges, Trans. Faraday Soc. 66, 605 (1970). 
71. R. Slagle, 1. R. Gilbert, and D. Gutman, J. Chern. Phys. 61, 704 

(1974). 
lie. N. Wei and R. B. Timmons, J. Chern. Phys. 61, 3240 (1975). 
9R. E. Graham and D. Gutman, J. Phys. Chern. 81, 207 (1977). 
lOA. B. Callear and 1. W. M. Smith, Nature 213, 382 (1967). 
11K. H. Homann, G. Krome, and H. Gg. Wagner, Ber. Bunsenges Phys. 
Chern. 72, 998 (1968). 

l2D. S. Y. Hsu, W. M. Shaub, T. L. Burks, and M. C. Lin, Chern. Phys. 
Lett. 44, 143 (1979). 
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M[0 = -168 kJ'mol- 1 

Rate coefficient data 

Absolute Rate Coefficients 
4.35 x 10- 11 exp[(251 ± 61)/T] 
5.11 x 10- 11 

Relative Rate Coefficients 
(9.82 ± 0.61) x 10- 11 

Reviews and Evaluations 
5.5 x 10- 11 exp(250/T) 

Comments 

Temp./K 

298-571 
298 

298 

290-570 

(a) Modulated Hg photosensitization of NzO with Oep) 
atoms being detected by chemiluminescence from 
the Oep) + NO reaction. First-order rate constants 
were measured in the presence of excess CH3SSCH3 

using a phase shift technique. 
(b) Product analysis in Hg photosensitization of N20-1-

butene-CH3SSCH3 mixtures. A rate coefficient ratio 
of k/k (OCP) + 1-butene) = 24.5 ::!: 1.5 was mea
sured and placed on an absolute basis by. use of 
k(OCP) + 1-butene) = 4.0 x 10- 12 cm3 molecule- 1 

S-I.4 

(c) See Comments on Preferred Values. 

Preferred Values 

k = 1.3 X 10-10 cm3 molecule- 1 S-1 at 298 K. 
k = 5.5 X 10- 11 exp(250/T) cm3 molecule- 1 S-1 over 

the temperature range 290-570 K. 

Reliability 
.6.10g k = ± 0.3 at 298 K. 
.6.(E/R) = ± 100 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Nip, Singleton, and Cvetanovic, 19811 (a) 

Nip, Singleton, and Cvetanovic, 19811 (b) 

CODATA, 19842
; IUPAC, 1989l (c) 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.2 The data of Nip et 01.1 are ahout 
a factor of 2 lower than the earlier discharge flow-reso
nance fluorescence study of Lee et al.,s who reported no 
temperature dependence over the rather limited range 
270-329 K. The cause of the discrepancy between the two 
measurements is not clear. The preferred value at 298 K 
is an average of the values from the two studies. l

,5 The 
temperature lIependence is that from Nip et al. l with the 
A -factor adjusted to yield the preferred 298 K rate coef· 
ficient. 

Product studies6 suggest that at high pressures (0.39-
1.58 bar) the reaction proceeds mainly by addition fol
lowed by rapid fragmentation to CH3S + CH3S0. 

References 

lW. S. Nip, D. L. Singleton, and R. J. Cvetanovic, J. Am. Chern. Soc. 
103,3526 (1981). 
~CODATA, Supplement II, 1984 (sce references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4D. L. Singleton and R. J. Cvetanovic, J. Am. Chern. Soc. 98, 6812 

(1976) . 
5J. II. Lee, I. N. Tllng, Ilnd R. B. Klemm, J. Chem. Phys. 7l, 5718 (1980) . 
6R. J. Cvetanovic, D. L. Singleton, and R. S. Irwin, J. Am. Chern. Soc. 
103,3530 (1981). 
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o + OC5 ~ 50 + CO (1) 

~ CO2 + S (2) 

M{°(I) = -213 kJ'mol- 1 

M{O(2) = - 224 kJ'mol- 1 

Rate coefficient data (k = k, + k2 ) 

k /cm3 molecule -1 S-1 

Absolute Rate Coefficients 
_10- 14 

(9.0 ± 1.3) X 10- 15 

2.0 X 10- 10 exp( -2950/T) 
1.5 X 10- 14 

1.08 X 10 - 10 exp( - 2770/T) 
9.8 X 10- 15 

3.2 X 10- 11 exp( -2280/T) 
(1.4 ± 0.1) X 10- 14 

(1.19 ± 0.06) X 10- 14 

1.65 X 10- 11 exp[ -(2165 ± 30)!T] 
(1.2 ± 0.1) X 10- 14 

2.0 X 10- 11 exp[-(2140 ± 40)/T] 
(1.35 ± 0.13) X 10- 14 

(1.39 ± 0.14) X 10- 14 

(1.17 ± 0.12) X 10- 14 

Relative Rate Coefficients 
1.51 X 10- 14 exp( -llOO/T) 

Reviews and Evaluations 
2.6 X 10 -11 exp( - 2250/T) 
2.1 X 10 - 11 exp( - 2200/T) 

Comments 

Temp./K 

298 
298 
290-465 
300 
300-1150 
300* 
273-808 
297 
297 
263-502 
298 
239-404 
295 
296 
298 

298-523 

220-600 
200-300 

(a) Discharge flow system with [0] > roes]. OCP) 
atoms were monitored by emission from the OCP) + 
SO reaction, and eo measured by MS. Authors 
quote unpublished result of Dondes and Safrany to 
the effect that kdk2 > 103. e02 was not obsetved as 
a product of the reaction. 

(b) Discharge flow system used, and eo and SO were 
monitored by MS. 

(c) Discharge flow system with OCS in excess over 
OCP). OCP), SO and S02 monitored by EPR. Chan
nel (2) was assumed to be unimportant. 

(d) Discharge flow system with [OCP)] > [oes]. oes 
and SO were monitored by MS. The Arrhenius ex
pression is based on the authors' results over the 
temperature range 764-1123 K together with the 
data of Ref. 3. Only small amounts of e02 were ob
setved as products, and therefore channel (2) was 
considered unimportant. 

( e) Discharge flow system with OCS in large excess. 
OCP) atoms and SO were monitored by EPR spec
trometry, and CO by MS. No CO2 was detected in the 
products. 

(f) Method similar to that in reference 4 used. No details 
of measurement of kl were given since the main aim 
of the work was the investigation of the reaction of 
02CLlg) with SOCI-). 

Reference 

Rolfes, Reeves and Harteck, 19651 

Sullivan and Warneck, 19652 

Hoyermann, Wagner and Wolfrum, 19673 

Homann, Krome and Wagner, 19684 

Westenberg and deHaas, 19695 

Breckenridge aqd Miller, 19726 

Klemm and Stief, 19747 

Wei and Timmons, 197511 

Manning, Braun and Kurylo, 19769 

Yoshida and Saito, 197610 

Krezenski, Simonaitis, and Hcicklen, 1971 11 

CODATA, 198012
; IUPAC, 198913 

NASA, 199014 

Comments 

(a) 
(b) 
(c) 

(d) 

(e) 

(f) 
(g) 

(h) 

(i) 
(j) 

(k) 

(I) 
(m) 

(g) Flash photolysis of OeS-02-Ar mixtures. OCP) 
atoms were monitored by resonance fluorescence. 
The measured rate coefficient was invariant over a 
wide range of reagent mixtures and total pressures 
(-40--200 Torr). 

(h) Discharge flow system used, with OCP) atoms being 
monitored by EPR. The [OeS]![O] ratio was varied 
over the range 20-150. 

(i) Flash photolysis of OeS-02-Ar-CH3F (or eH2F2) 
mixtures, with resonance fluorescence detection of 
OCP) atoms. The main purpose of the study was to 
investigate the effects of enhanced vibrational energy 
of OCS on the rate coefficient. Little effect was 
found. 

(j) Discharge flow ~y~lem u~ed. SO radicals were mea
sured by microwave spectroscopy under conditions 
such that rOeS] ~ OCP). 

(k) Mercury photosensitized photolysis of N20 in the 
presence of OCS and 2-trifluoromethylpropene. CO, 
N2 and the alkene products were determined by MS. 
The rate coefficient for reaction of Oep) atoms with 
2-trifluoromethy]propene was taken from Ref. 15. 

(I) See Comments on Preferred Values. 
(m) Based on the work of Westenberg and deHaas,S 

Klemm and Stief,1 Wei and Timmons,8 Manning 
et al.9 and Breckenridge and Miller.6 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Preferred Values 

k = 1.2 X 10-14 cm3 molecule- 1 S-1 at 298 K. 
k = 1.6 X 10- 11 exp( -2150/T) cm3 molecule- 1 8- 1 

over the temperature range 220-500 K. 

Reliability 
Alog k = ± 0.2 at 298 K. 
A(E/R) = ± 150 K. 

Comments on Pre/erred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1980.12 The rate coefficients obtained 
are in excellent agreement over a wide range of tempera
tures and pressures (:s: 340 mbar). The available evidence 
suggests that at luw temperatures the reaction proceeds 
by channel (1) and that channel (2) may only become sig
nificant at temperatures above 600 K. 

Because of the possible enhancement of the rate by 
channel (2) at high temperatures, the recommended 
value of E /R is the mean of the values obtained by Wei 
and Timmons8 and Klemm and Stief,7 which were limited 
to temperatures below 502 K. The 298 K rate coefficient 
is the mean of the values in references 2-10, and the pre
exponential factor is adjusted to fit this value of k and the 
recommended value of E /R. 

MID = -348.1 kJ·mol- 1 

Approximate values of kJkl measured are: 10-3 at 
298 Kt6 and 10-2 at 500 K.4 

References 

IT. R. Rolfes, R. R. Reeves, and P. Harteck, J. Phys. Chern. 69, 849 
(1965). 

2J. O. Sullivan and P. Warneck, Ber. Bunsenges Phys. Chern. 69, 7 
(1965). 

3K. Hoyerrnann, H. Gg. Wagner, and J. Wolfrum, Ber. Bunsenges Phys. 
Chern. 71, 603 (1967). 

4K. H. Homann, G. Krome, and H. Gg. Wagner, Ber. Bunsenges Phys. 
Chern. 72, 998 (1968). 

sA. A. Westenberg, and N. deHaas, J. Chern. Phys. SO, 707 (1969). 
6W. H. Breckenridge and T. A. Miller, J. Chern. Phys. 56, 465 (1972). 
7R. B. Klemm and L. J. Stief, J. Chern. Phys. 61, 4900 (1975). 
HC. N. Wei and R. B. Timmons, J. Chern. Phys. 62,3240 (1975). 
9R. G. Manning, W. Braun, and M. J. Kurylo, J. Chern. Phys. 65, 2609 

(1976). 
ION. Yoshida and S. Saito, Bull. Chern. Soc. Jpn. 51, 1635 (1978). 
un. c. Krezenslci, R. Simonaitis, and J. Hciclclen, Int. J. Chern. IGnet. 
3,467 (1971). 

12CODATA, 1980 (see references in Introduction). 
13IUPAC, Supplement III, 1989 (see references in Introduction). 
14NASA Evaluation No.9, 1990 (see references in Introduction). 
is}. Heicklen, W. P. Wood, K. J. Olszyna, and E. Cehelnik, Chemical 

Reactions in Urban Atmospheres (Ed. C. S. Tuesday) pp. 191-222 
(1969). 

16S. Dondes and P. Safrany. reported in Ref. 1. 

Low-pressure rate coefficients 

Rate coefficient data 

ko/crn3 molecule -1 S-1 

Absolute Rate Coefficients 
3.1 x 10-32 exp( -1009/T) [Ar] 
1.05 x 10-33 [Ar] 
1.37 x 10- jj [N2] 

Reviews and Evaluations 
1.1 x 1O-31(T/l000)-4 x 
exp( -2646/T) [Ar] 
4.0 x 10-32 exp( -1000/T) [N2] 

8.3 x 1O-31(T/lOOO)-3.7S x 
exp( - 2650/T) [Ar] 

Comments 

Temp./K 

299-400 
298 
298 

250-2500 

200-400 
200-2500 

(a) Flash photolysis technique with detection of Oep) 
atoms by N02 chemiluminescence. Relative efficien
cies of k(M = N2): k(M = Ar): k(M = 502) = 
1.0:0.71:6.9 were determined. 

(b) Theoretical analysis of dissociation and recombina
tion data, fitting a barrier of 22 kJ'mol- 1 for the spin
forbidden reaction OCP) + 502eA1) ~ 503eA t ). 

(c) Based on the data from reference 1, the high temper-

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

. Atkinson and Pitts, 19781 

Troe, 19782 

CODATA, 19803 

Comments 

(a) 

(b) 

(c) 

ature dissociation results from Ref. 4, and the theo
retical analysis from Ref. 2. Summary of earlier data 
also given. 

Preferred Values 

ko = 4.0 X 10-32 exp( -1000/T) (N21 em3 molecule- 1 

s -lover the temperature range 200-400 K. 
ko = 1.4 X 10-33 [N2] cm3 molecule- t S-1 at 298 K. 
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Ueliability 
Alog ko = ± 0.3 at 300 K. 
A(E /R) = ± 200 K over the temperature range 200-

400 K. 

Comments on Preferred Values 
See comment ( c) for ko• Because the reaction has an 

activation barrier, the Arrhenius form is chosen. The 
falloff transition to the high pressure range is expected at 

pressures not too far above 1 bar. However, as yet no ex
perimental data are available in this pressure region. 

References 

IR. Atkinson and J. N. Pitts, Jr., Int. J. Chern. Kinet. 10, 1081 (1978). 
2J. Troe, Ann. Rev. Phys. Chern. 29, 223 (1978). 
3CODATA, 1980 (see references in Introduction). 
4D. C. Astholz, G. Glanzer, and J. Troe, J. Chern. Phys. 70, 2409 (1979). 

S + O2 ~ SO + 0 

Rate coefficient data 

k /crn3 molecule -1 S-1 Temp./K 

Absolute Rate Coefficients 
1.7 x 10- 12 expL(153 ± lO~)/TJ 2Y6-3Y3 
(2.6 ± 0.3) x 10- 12 298 

Reviews and Evaluations 
2.1 x 10 12 230-400 
2.3 X 10- 12 200--300 

Comments 

(a) Discharge flow system used. S atoms were generated 
by a discharge in Ar-S02 mixtures and monitored by 
resonance fluorescence under conditions such that 
[S] ~ [02], 

(b) See Comments on Preferred Values. 
(c) Based on the data of Clyne and Whitefield1 and 

Refs. 5-9. 

Preferred Values 

k = 2.1 X 10- 12 cm3 molecule- 1 S-I, independent of 
temperature over the range 230-400 K. 

Reliability 
Alog k = ±0.2 at 298 K. 
6.(EIR) = ±200 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1982.2 All of the measurements of the 

Mr = -415 kJ'mol- 1 

Reference Comments 

Clyne and Whitefield, 19791 (a) 

CODATA, 19822
; IUPAC, 1989:3 (b) 

NASA,19904 (c) 

rate coefficients k are in good agreement. Clyne and 
Whitefield l observed a small decrease in k with increase 
in temperature, but until more definitive measurements 
of E /R are made a temperature independent rate coeffi
cient is recommended with error limits encompassing the 
existing measured values. The preferred 298 K rate coef
ficient is the mean of those from Refs. 1 and 5-9. 

References 

1M. A. A. Clyne and P. D. Whitefield, J. Chern. Soc. Faraday Trans. 2, 
75, 1327 (1979). 

2CODATA, Supplement I, 1982 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (scc rcfcrcm.:cs ill Intruuuctiun). 
5R. W. Fair and B. A. Thrush, Trans. Faraday Soc. 65, 1557 (1969). 
tiR. W. Fair, A. Van Roodselaar, and O. P. Strausz, Can. J. Chern. 49, 

1659 (1971). 
7D. D. Davis, R. B. Klemm, and M. J. Pilling, lilt. J. CIII:au. Kim:;t. 4, 367 

(1977). 
HR. J. Donovan and D. J. Little, Chern. Phys. Lett. 13,488 (1972). 
9M. A. A. Clyne and L. W. Townsend, Int. J. Chern. Kinet. Syrnp. 1, 73 

(1975). 

Rate coefficient data 

Absolute Rate Coefficients 
(1.2 ± 0.3) x 10- 11 

Temp./K 

298 

Reference Comments 

Clyne and Townsend, 19751 (a) 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Discharge flow system, with S atoms produced by dis
charge in Ar-SOz mixture. The 03-0Z mixture was in 
large excess of S atoms. 0 3 was monitored by absorp
tion spectrophotometry and S atoms by resonance 
fluorescence. 

Preferred Values 

k = 1.2 X 10- 11 cm3 molecule-1 S-1 at 298 K. 

Reliability 
.6.10g k = ± 0.3 at 298 K. 

Mr = -50.0 kJ'mol- l 

Comments on Preferred Values 
The only available experimental determination 1 is ac

cepted as the preferred value. The method was direct, 
and in the same study a number of other rate coefficients 
for S atom reactions were measured giving results in good 
agreement with other techniques. 

References 

1M. A. A. Clyne and L. W. Townsend, Int. J. Chem. Kinet., Symp. 1,73 
(1975). 

Rate coefficient data 

Absolute Rate Coefficients 
(7.3 ± 0.9) x 10- 11 

(4.00 ± 0.08) x 10- 11 

(5.1 ± 0.7) x 10- 11 

(6.29 ± 0.46) x 10 - 11 

Relative Rate Coefficients 
(1.05 ± 0.04) x 10- 10 

Reviews and Evaluations 
5.7 X 1O- 11 

Comments 

Temp./K 

298 
296 
296 
211-353 

232-359 

200-300 

(a) Pulsed laser photolysis of SzCh - HzS mixtures at 300 
nm in a flowing system. IR emission from HCl( v = 1) 
monitored, with negligible contribution· from 
HCI( v> 1) states. These results supersede the earlier 
result [k = (6.0 ± 1.2) x 10- 11 cm3 molecule- l S-I] 
obtained by Braithwaite and Leonez using the same 
technique. 

(b) Discharge flow study. CI atoms were generated by 
discharge in Ch - He mixtures and monitored by res
onance fluorescence at 120.1 and 134.7 nm in the 
presence of excess HzS. 

(c) Discharge flow study. HzS was monitored by MS in 
an excess of CI atoms. Several products (SH, SCI and 
Sz) were also monitored. 

(d) Flash photolysis of CCI4-HzS-Ar mixtures at 115 nm 
in flowing system. CI atoms were monitored by reso
nance fluorescence. No effect of pressure was ob
served over the range 40-180 Torr. 

( e) Hot atom technique. 38CI atoms were generated from 
neutron irradiation of CCIF3 (4000 Torr) and moder
ated to thermal energies. In the presence of HzS, 
CZH6 and CHzCHBr, the reactions 38CI + HzS ~ 
H 38Cl + HS, 38Cl + CZH6 ~ H 38Cl + C2Hs, 38CI + 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Nesbitt and Leone, 19801 

Clyne and Ono, 19833 

Clyne et al., 19844 

Nava, Brobst and Stief, 19855 

Lu, Iyer and Rowland, 19866 

NASA,19907 

Comments 

(a) 
(b) 
(c) 
(d) 

(e) 

(t) 

CH2CHBr ~ CH2CH38CI + Br are in competition. 
Measurement of the CH2CH38CI yield as a function 
of [H2S], [C2H6], [CH2CHBr] yielded the rate coeffi
cient ratios. The rate coefficient k was obtained using 
a value of k(Cl + CHzCHBr) = 7.7 x 10- 11 

exp( - 901T)cm3 molecule -1 s -1, as quoted by Lu 
et al.6 

(f) Based on the data of Nesbitt and Leone,1 Clyne and 
Ono,3 Clyne et al.4 and Nava et al.s 

Preferred Values 

k = 5.7 X 10- 11 cm3 molecule- l S-l, independent of 
temperature over the range 210-350 K. 

Reliability 
.6.log k = ± 0.3 at 298 K. 
!l(E/R) = ± 100 K. 

Comments on Preferred Values 
There is significant scatter in the measured rate coeffi

cients which is difficult to attribute to any of the different 
techniques used. The preferred value at 298 K is a mean 
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()f the values of Nesbitt and Leone,1 Clyne and Ono/ 
('Iyne et al.4 and Nava et al.5 The result of Lu et al.6 is not 
IIlcluded because of the very different conditions used. 
I ~()th studies in which the temperature was varied5

,6 

.. howed no temperature dependence of the rate coeffi
Clcnt, which is accepted but with substantial error limits. 

References 

10. J. Nesbitt and S. R. Leone, J. Chern. Phys. 72, 722 (1980). 
2M. Braithwaite and S. R. Leone, J. Chern. Phys. 69, 839 (1978). 
3M. A. A. Clyne and Y. Ono, Chern. Phys. LeU. 94, 597 (1983) . 
4M. A. A. Clyne, A. J. MaeRobert, T. P. Murrells, and L. J. Stief, J. 
Chern. Soc. Faraday Trans. 2, 80, 877 (1984). 

50. F. Nava, W. O. Brobst, and L. J. Stief, J. Phys. Chern. 89, 4703 
(1985). 

6E. C. C. Lu, R. S. Iyer, and F. S. Rowland, J. Phys. Chern. 90, 1988 
(1986). 

7NASA Evaluation No.9, 1990 (see references in Introduction). 

HO + H2S ~ H20 + HS 

Rate coefficient data 

A fem3 molecule - 1 S-1 

Ahsolute Rate Coefficients 
5_6 )( 10- 12 eyp( - S7JT) 

(4.4 :t 0.7) x 10- 12 

1.32 x 10 - 11 exp[ - (394 ± 190 )IT] 
(3.3 ± 0.5) x 10 - 12 

Relative Rate Coefficients 
(5.2 :t 0.8) x 10- 12 

Reviews and Evaluations 
6.3 x 10- 12 exp( - 801T) 
6.0 x 10 -12 exp( -75IT) 

Comments 

Temp./K 

245-450 
299 
294-463 
294 

300 

200-300 
200-300 

(a) Discharge-flow study with He as the carrier gas. HO 
produced by the H + N02 reaction. Passage of H 2-

He mixture through a microwave discharge or over a 
heated filament used as source of H. HO radicals 
monitored by resonance fluorescence at 309 nm. 
Changes in pressure and use of N2 or O2 as carrier 
gases had no effect on the measured rate coefficient. 

(b) Discharge flow study with He as the carrier gas. HO 
produced by the H + N02 reaction. Excess N02 

scavenged any HS radicals produced. HO radicals 
were monitored by LIF resonance fluorescence. A 
minimum in the plot of k versus T observed. with the 
minimum rate coefficient being k = (3.3 ± 0.5) x 
10- 12 cm3 molecule- 1 S-1 at 294 K. 

(c) HO radicals produced by photolysis of CH30NO-02 

mixtures in air at 1 atm pressure in a 38 liter reaction 
vessel. Removal of H 2S relative to reference hydro
carbon measured by GC. A rate coefficient ratio of 
k/k(HO + ethene) = 0.65 ± 0.10 was measured, 
and placed on an absolute basis by use of k (HO + 
ethene) = 8.0 x 10- 12 cm3 molecule- 1 S-I. 

(d) See Comments on Preferred Values. 
(e) Based on the results of Lin et al./ Lafage et al.,2 

Barnes et al.,3 Wine et al.,6 Leu and Smith/ Michael 

Reference Comments 

Lin et al .• 19851 (a) 

Lafage et al., 19872 (b) 

Barnes et al., 19863 (c) 

IUPAC, 19894 (d) 
NASA,19905 (e) 

et al}' Lin,9 Westenberg and deHaas,1O Perry et al. ll 

and Cox and Sheppard.12 

Preferred Values 

k = 4.8 X 10- 12 em3 molecu)e- l S-1 at 298 K. 
k = 6.3 x 10- 12 exp( - 801T) cm3 molecule -1 s -1 over 

the temperature range 200-300 K. 

Reliability 
~log k = ± 0.08 at 298 K. 
~(EIR) = ±80 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.4 The most recent studies l
-

3 are in ex
cellent agreement with previous work. Both Lin et al. l 

and Lafage et al.2 confirm the finding of Leu et a/.7 that 
the rate coefficient exhibits non-Arrhenius behavior over 
the temperature range 245-450 K, with the Arrhenius 
plot appearing to have a shallow minimum at approxi
mately 270-300 K. Also in agreement with Leu et al./ Lin 
et a/. l find that the value of k appears to be independent 
of pressure and the nature of the bath gas. These latter 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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cast some doubt upon the suggestion that the non-Arrhe
nius behavior is due to the occurrence of both addition 
and abstraction channels. 

Despite the non-Arrhenius behavior of the rate coeffi
cient k over an extended temperature range, the pre
ferred expression is given in Arrhenius form, which is 
satisfactory for the limited temperature range covered by 
our recommendation. 

References 

ly._L. Lin, N.-S. Wang, and Y.-P. Lee, Int. 1. Chern. Kinet. 17, 1201 
(1985). 

2C. Lafage, J.-F. Pauwels, M~ Carlier, and P. Devolder, J. Chern. Soc. 
Faraday Trans. 2, 83, 731 (1987). 

31. Barnes, V. Bastian, K. H. Becker, E. H. Fink, and W. Nelson, J. At· 
mos. Chern. 4, 445 (1986). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6p. H. Wine, N. M. Kreutter, A. Gump, and A. R. Ravishankara, J. 

Phys. Chern. 85, 2660 (1981). 
7M.-T. Leu and R. H. Smith, J. Phys. Chern. 86, 73 (1982). 
IIJ. V. Michael, D. F. Nava, W. D. Brobst, R. P. Borkowski, and L. J. 

Stief, J. Phys. Chern. 86, 81 (1982). 
9C. L. Lin, Int. J. Chern. Kinet. 14, 593 (1982). 
lOA. A. Westenberg and N. deHaas, J. Chern. Phys. 59, 665 (1973). 
llR. A. Perry, R. Atkinson, and 1. N. Pitts, Jr., 1. Chern. Phys. 64, 3237 
(1976). 

12R. A. Cox and D. W. Sheppard, Nature (London) 284, 330 (1980). 

HO + 502 + M ~ H0502 + M 

M-fO = 127 kJ'rnol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

ko/crn3 molecule -1 S-1 

Absolute Rate Coefficients 
(1.1 ± 0.3) x 10-32 x 

exp(640/T) [He] 
(2.4 ± 0.7) x 10-31 [N2] 

Reviews and Evaluations 
5.0 X 1O- 31 (T/300)-33 [N2] 

3.0 x 1O-31 (T/300)-33 [air] 

Comments 

Temp.!K 

280-413 

298 

200-300 
200-300 

(a) Discharge flow system with HO detection by reso
nance fluorescence. Rate coefficients for M = He, 
N2 and S02 were measured in the pressure range 0.2-
6 Torr. 

(b) Based on the results of Wine et al.,5 Martin et al.6 

and Barnes et al./ evaluated with Fe = 0.45. 
(c) Based on the value of Leu,8 corrected for falloff using 

Fe 0.6. 

Preferred Values 

ko = 4.0 X 10-31(TI300)-33 [N2] cm3 molecule- 1 S-1 

over the temperature range 300-400 K. 

Reference 

Lee, Kao and Lee, 19901 

CODATA, 19802
; IUPAC, 19893 

NASA,19904 

Reliability 
dlog ko = ± 0.3 at 300 K. 
dn = ±1. 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

The most recent measurements of Ref. 1 gave smaller 
rate coefficients than earlier studies. We included these 
values in the averaging of data which reduced the pre
ferred values. The error limits include most of the earlier 
data. The difference in Fe values between Refs. 3 and 4, 
which leads to different ko and kCXJ values, should be 
noted. 

High-pressure rate coefficients 

Rate coefficient data 

k",,/cm3 rnolecule- 1 S-1 Temp.!K Reference Comments 

Reviews and Evaluations 
2 x 10- 12 200-300 CODATA, 19802; IUPAC, 198~ (a) 
1.5 x 10- 12 200-300 NASA,19904 (b) 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) See comment (b) on ko• 
(h) Result from a fit of the data of Leu,8 Paraskevopoulos 

etal.,9 and Wine etal.s 

Preferred Values 

koo = 2 X 10-12 cm3 molecule 1 slover the tempera
lure range 200-300 K. 

Ucliability 
Lllog koo 

~()O K. 
± 0.3 over the temperature range 200-

( 'omments on Preferred Values 
See comment on ko• Falloff representation with Fe 

0.45 near 300 K. 

References 

ly._y. Lee, w.-c. Kao, and Y.-P. Lee, J. Phys. Chern. 94,4535 (1990). 
2CODATA, 1980 (see references in Introduction). 
3IUPAC, Supplement Ill, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5p. H. Wine, D. H. Semmes, R. J. Thompson, C. A. Gump, A. R. Rav

ishankara, A. Torabi, and J. M. Nicovich, J. Phys. Chern. 88, 2095 
(1984). 

tiD. Martin, J. L. Jourdain and G. Le Bras, J. Phys. Chern. 90, 4143 
(1986). 

71. Barnes, V. Bastian, K. H. Becker, E. H. Fink, and W. Nelson, J. At
mos. Chern. 4, 445 (1986). 

11M. T. Leu, J. Phys. Chern. 86, 4558 (1982). 
IJG. Paraskevopoulos, D. L. Singleton and R. S. Irwin, Chern. Phys. Lett. 

100,83 (1983). 

Rate coefficient data 

J... Icrn3 molecule -1 s - 1 

Absolute Rate Coefficients 
(4.0 ± 2) X 10- 13 

(4.0 ± 2) X 10- 13 

(3.5 ± 1) X 10- 13 

(4.37 ± 0.66) X 10- 13 

1.34 X 10 - 12 exp( - 330fT) 
(4.37 ± 0.66) X 10- 13 

Reviews and Evaluations 
4.0 x. 10- 13 

1.3 X 10- 12 exp( - 330fT) 

Comments 

Temp.IK 

250 

298 
298 
298 
297-423 
297 

298 

200-300 

(a) Pulsed laser photolysis of HN03-Ar-S02 mixtures at 
226 nm. HO radicals monitored by resonance fluo
rescence. System was studied at 40 and 100 Torr Ar 
and at 250 and 298 K. HO radicals were removed by 
the HO + S02 + M ~ HOS02 + M reaction, but 
the addition of O 2 and NO regenerates HO by the 
reactions HOS02 + O2 ~ H02 + S03 and H02 + 
NO ~ HO + NOz. Effects of varying amounts of Oz 
were studied. Same value of k found at 250 K and 
298 K, but author suggested that this was due to lack 
of precision in the technique rather than indicating 
that k is temperature independent. 

(b) Discharge flow study of the reaction HO + S02 + M 
~ HOS02 + M. HO radicals were produced by the 
H + N02 reaction in He carrier gas and monitored 
by EPR, calibrated with NO. Effects of addition of 
NO and Oz on HO radical decays were studied. Sys
tem of 12 reactions used to model system to obtain 
the rate coefficient k. 

Reference 

Margitan, 1984 1 

Martin, Jourdain and Le Bras, 19862 

Gleason, Sinha, and Howard, 19873 

Gleason and Howard, 19884 

IUP AC, 19895 

NASA,19906 

Comments 

(a) 

(b) 
(c) 
(c) 

(d) 
(e) 

(c) Discharge flow system used, with N2 as the carrier 
gas. HO radicals were produced by the H + NOz re
action, and SOz and Oz were added down-stream. 
HOSOz was monitored by sampling into a flowing af
terglow containing CI- ions. S03 - ions, formed by 
the reaction Cl- + HOS02 ~ S03- + HCl, were 
detected by quadrupole MS. S03 product of the reac
tion was also detected by CI- + SOJ + M -;. 
(CIS03)- + M with MS measurement of (CIS03t. 
The total pressure was varied over the range 2-8 
Torr, and no change in k observed allowing a limit of 
3.4 x 10-31 cm6 molecule-2 

S-1 (M = N2) for the rate 
coefficient for the reaction HOS02 + O2 + M ~ 
HOS020 2 + M to be set. 

(d) Accepted the data of Gkason et al.3 

(e) Based on the work of Gleason et al.3 and Gleason 
and Howard.4 

Preferred Values 

k = 4.0 X 10- 13 cm3 molecule- 1 S-1 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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k = 1.3 X 10-12 exp (- 330/T) cm3 molecule- I 
S-I over 

the temperature range 290-420 K. 

Reliability 
~log k = ±0.1 at 298 K. 
~(E/R) = ±200 K. 

Comments on Preferred Values 
This data sheet is largely reproduced from our previous 

evaluation, IUPAC, 1989,s with the addition of the work 
of Gleason and Howard.4 In the earlier studiesl

•
2 HO rad

ical decays due to the reaction HO + S02 + M ~ 
HOS02 + M were monitored in the presence of NO and 
O2. The reaction sequence HOS02 + 02 ~ H02 + S03 
and H02 + NO ~ HO + N02 then regenerates HO. 
Modeling of the NO deeay leads to the rate coefficient k. 
This method of determining k is less direct than the more 

recent measurements of Gleason and Howard4 and of 
Gleason et al.,3 where HOS02 radicals were monitored 
by MS. We therefore accept the expression obtained by 
Gleason and Howard.4 The other results, though less pre
cise, are in good agreement with the preferred expres
sion. 

References 

I J. J. Margitan, J. Phys. Chern. 88, 3314 (1984). 
2D. Martin, J. L. Jourdain, and G. Le Bras, J. Phys. Chern. 90, 4143 

(1986). 
3J. F. Gleason, A. Sinha, and C. J. Howard, J. Phys. Chern. 91, 719 

(1987). 
4J. F. Gleason and C. J. Howard, J. Phys. Chern. 92, 3414 (1988). 
':;IUPAC, Supplement 111, l~~~ (see reterences in Introduction). 
/\NASA Evaluation No.9, 1990 (see references in Introduction). 

HO + oes ~ products 

Rate coefficient data 

Absolute Rate Coefficients 
1.13 x 10-13 exp( -12oo/T) 
(2.0~::~) x 10- 15 

(1.92 ± 0.25) x 10- 15 

Reviews and Evaluations 
1.1 x 10- 13 exp( -1200/T) 
1.1 x 10- 13 exp( -1260/T) 

Comments 

Ternp./K 

255-483 
300 
298 

250--500 
200--300 

(a) Discharge flow study with He as the carrier gas. HO 
generated by the H + N02 reaction and excess N02 

used to ensure removal of H atoms that could lead to 
complicating side reactions. The purity of OCS was 
checked by FfIR spectroscopy, showing that H2S was 
present at less than 0.005%. HO radicals were moni
tored by resonance fluorcsccnce at 309 nm. The mea
sured rate coefficient k was independent of pressure 
(0.9-5.9 Torr) and the addition of O2 (up to 18%). 

(b) Pulsed laser photolysis using a variety of HO sources 
(H20 2, HN03 and HONO). A Xe flash lamp was 
used in some experiments. HO radicals were moni
tored by LIF. The rate coefficient k was independent 
of pressure (90-300 Torr), the nature of buffer gas, 
and the addition of O2 (up to 36 Torr). 

(c) See Comments on Preferred Values. 
(d) Based on the results of Cheng and Lee1 and Wahner 

and Ravishankara.2 

Preferred Values 

k = 2.0 X 10- 15 cm3 molecule- 1 S-I at 298 K. 
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Reference 

Cheng and Lee, 19861 

Wahner and Ravishankara, 19872 

IUPAC, 19893 

NASA,19904 

Comments 

(a) 

(b) 

(c) 
(d) 

k = 1.1 X 10- 13 exp( -1200/T) cm3 molecule- 1 S-1 

over the temperature range 250-500 K. 

Reliability 
~log k = ± 0.3 at 298 K. 
~(E/R) = ±500 K. 

Comments on Preferred Values 
This data sheet is rcproduced from our previous evalu

ation, IUPAC 1989.3 The rate coefficients k measured by 
Cheng and Lee l and Wahner and Ravishankara2 are ap
proximately a factor of 3 lower at 298 K than the earlier 
value of Leu and Smith.s This may be due to the correc
tions applied by Leu and SmithS to allow for the presence 
of traces of H2S in their system, since in the absence of 
such corrections there is reasonable agreement between 
the studies. Cheng and Leel took care to keep the H2S 
level in their OCS very low and this, together with the 
confirmatory measurements of Wahner and Ravis
hankara,2 leads us to recommend their values. These rec
ommendations are compatible with the earlier upper 
limit given by Atkinson et al.,6 but not with the higher 
value obtained by Kuryl07 which may have been due to 
interfering secondary chemistry and/or excited state reac
tions. 
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References 
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'A. Wahner and A. R. Ravishankara, J. Geophys. Res. 92, 2189 (1987). 
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HO + eS2 + M ~ HOeS2 + M (1) 

HO + eS2 ~ HS + oes (2) 

tlHD(l) = -46 kJ'rnol- 1 

tlHD(2) = - 155 kJ'rnol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

k(I1[M]!crn3 molecule - 1 S-I Temp./K 

Absolute Rate Coefficients 
10- 12 at 7U Torr (N2) 241-21.)1.) 

6 X 10- 13 at 30 Torr (N2) 259-318 
3.4 x 10- 13 at 50 Torr (He) 299 
3.9 x 10- 13 at 50 Torr (He) 274 
6.0 x 10 1:3 at 50 Torr (He) 249 

7.2 X 10- 14 at 23 Torr (He) 298 
3.4 X 10- 13 at 32 Torr (Ar) 246 

Comments 

(a) Pulsed laser photolysis of H20 2 at 248 nm in mixtures 
of CS2 with added He, N2, air, and O2• HO radicals 
monitored by LIF. Experiments conducted in the 
pressure range 65-690 Torr. 

(b) Pulsed laser photolysis of H20 2 at 248 nm or 266 nm 
in mixtures of CS2 in He-N2 or He-SF6 mixtures. HO 
radicals monitored by LIF. Pressure range was 9-60 
Torr. The effect of O 2 (0.5-15 Torr) on the rate was 
studied. 

(c) Pulsed laser photolysis of H20 2 at 248 nm in mixtures 
of CS2 with added He or AT. Pressure range 9-270 
Torr of Ar or 9-270 Torr of He. Effect of CS2 on rate 
studied. 

Preferred Values 

kOl = 8 X 10-31 [Nz] cm3 molecule- 1 S-1 over the tem
perature range 270-300 K. 

Reference Comments 

Hynes, Wme and Nicovich, 11.)~!:P (a) 
Murrells, Lovejoy, and Ravishankara, 19902 (b) 

Diau and Lee, 19913 (c) 

Reliability 
.!llog kOI = ± 0.5. 

Comments on Prefen-ed Values 
Because of the low thermal stability of HOCS2, experi

mental studies have to account for the redissociation of 
the adduct. After clarification of the mechanism, rate co
efficients can now be specified. Combining the data for M 
= N2 from Refs. 1 and 2 in a falloff representation indi
cates that the low pressure limit is approached within 
10% only at pressures below about 20 Torr. Because of 
the rather large scatter, the falloff data do not yet allow 
for the specification of a temperature dependence. The 
strong temperature dependence of kOl for M = He 
derived in Ref. 3 (E/R = -1610 K) is apparently not con
sistent with the results from Refs. 1 and 2. It appears that 
reaction (2) is slow, WIth a rate coefficient of 

k2 < 2 X 10- 15 cm3 molecule- I S-1 at 298 K.z 
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High-pressure rate coefficient 

Rate coefficient data 

Absolute Rate Coefficients 
S.8 x 10- 12 at 680 Torr (N2) 
3.1 x 10- 12 at 660 Torr (N2) 
1.9 x 10- 12 at 760 Torr (Ar) 
1.3 x 10- 12 at 760 Torr (air) 

Relative Rate Coefficients 
2.0 X 10- 12 at 760 Torr (air) 
2.3 X 10- 12 at 760 Torr (air) 

Comments 

(a) See comment (a) for ka1 • 

Temp./K 

250-270 
297 
room temperature 
295 

295 
295 

(b) Laser photolysis of 03 in the presence of H20, CS2 

and Ar (presumably 1 bar) at room temperature (un
specified), with LIF detection of HO. The rates of 
HOCSz formation and decomposition were mea
sured, with an equilibrium constant of Kc = 2.6 X 

10- 17 cm3 molecule-I. The rate of the reaction 0 3 + 
HOCSz was also investigated, leading to k(03 + 
HOCS2) = 9 x 10- 13 cm3 molecule- 1 S-I. 

( c) Laser photolysis of H202 at 248 nm in mixtures of CS2 

and N 2-02 or Ar-02, with LIP detection of HO. The 
partial pressure of O2 was in the range 0.24-760 Torr, 
at a total pressure of '160 Torr. 

(d) 420 liter reaction vessel with White optics and FTIR 
detection used. HO radicals produced by photolysis 
of CH30NO (at wavelengths >300 nm) in the pres
ence of NO-0z mixtures, photolysis of H20 in Oz-Nz 
mixtures at 254 nm, or the thermal decomposition of 
H02NOz in the presence of NO. The rate coefficient 
was based on the appearance rate of final products. 

(e) Technique as in (d). The rate coefficient was based 
on the CS2 removal rate. 

Preferred Values 

k,.:t.ll = 8 X 10-12 cm3 molecule- 1 S-1 over the temper
ature range 250-300 K. 

Reliability 
L\log koo 1 

300K. 
± 0.5 over the temperature range 250-

J. Phys. Chem. Ref. Data, Vol. 21, No. 6~ 1992 

Reference 

Hynes, Wine, and Nicovich, 19881 

Bulatov et 01., 19884 

Becker et 01., 19855 

Becker et 01., 19885 

Comments on Preferrt~d Values 

Comments 

(a) 

(b) 
(c) 

(d) 
(e) 

The preferred rate coefficient k100 is based on a falloff 
representation of the data from Refs. 1 and 2, with high 
pressure data mostly from Ref. 1. The most weight is 
given to the measurements near 250 K, where the decom
position of the adduct and the subsequent kinetics are of 
comparably minor influence in contrast to the room tem
perature experiments. A falloff curve with an estimated 
value of Fe = 0.8 was employed for extrapolation. Exper
iments at 1 bar are apparently still far below the high 
pressure limit. An extensive discussion of the compli
cated mechanism is given in Refs. 6-8 as well as in Refs. 
1, 2, and 9. Rate expressions combining adduct forma
tion, dissociation and subsequent reactions with 02 have 
been proposed which are not reproduced here. More ex
periments separating the individual steps are required. 
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HOCS2 + M -?> HO + CS2 + M 

Low-pressure rate coefficients 

Rate coefficient data 

-I"solute Rate Coefficients 
1.3 x 104 at 75 Torr (N2) 

2.6 x 104 at 81 Torr (N2) 

4.3 x 1()3 at 15 Torr (N2) 

3.0 x 104 at 24 Torr (N2) 

2.0 x 104 at 50 Torr (He) 
5.2 x 1()3 at 50 Torr (He) 
1.2 x 1()3 at 50 Torr (He) 
7.8 x 1<Y at 23 Torr (He) 
1.3 x 1()3 at 32 Torr (Ar) 

Comments 

Temp./K 

255 
280 
277 
298 
299 
274 
249 
298 
246 

( a) Pulsed laser photolysis of H20 2 at 248 nm in mixtures 
of CS2 with added He, N2, air and Oz. HO radicals 
were monitored by LIF. Experiments were con
ducted in the pressure range 65-690 Torr. A value of 
Kc(297 K) = 1.39 X 10- 17 cm3 molecule- 1 was ob
tained for the equilibrium HO + CS2 ~ HOCS2 as 
well as Kc(247 K) = 3.5 X 10-16 cm3 molecule-I. 

(b) Pulsed laser photolysis of H20 2 at 248 nm or 266 nm 
in He-Nz-CS2 or He-SF6-CS2 mixtures, with HO be
ing monitored by LIF. Pressure range = 9-60 Torr. 
The effect of O2 (0.5-15 Torr) on the rate was stud
ied. Kc(299 K) = 1.7 X 10- 17 cm3 molecule-I, Kc(274 
K) = 7.5 X 10- 17 cm3 molecule- 1 and Kc(249 K) = 
5.1 X 10- 16 cm3 molecule- 1 were obtained for the 
equilibrium HO + CS2 ~ HOCS2• 

(c) Pulsed laser photolysis of H20 2 at 248 nm in mixtures 
of CS2 with added He or Ar. Pressure range = 9-270 
Torr of He. The effect of CS2 on the rate was studied. 
Kc(298 K) = 0.87 X 10- 17 cm3 molecule-I, Kc(273 K) 

4.2 x 10- 17 cm3 molecule-I and Kc(249 K) 
2.6 x 10- 16 cm3 molecuIe- 1 were obtained for the 
t;yuilil.niulll HO + CS2;:: HOCS2. 

Reference Comments 

Hynes, Wine, and Nicovich, 19881 (a) 

Murrells, Lovejoy, and Ravishankara, 19902 (b) 

Diau and Lee, 19913 (c) 

Preferred Values 

ko = 4.8 X 10-14 [N2] S-1 at 298 K. 
ko = 1.6 X 10-1! exp( - 5160/T) [N2] S-1 over the tem

perature range 250-300 K. 

Reliability 
illog ko = ± 0.5 at 298 K. 
il(E/R) = ±500 K. 

Comments on Prefe"ed Values 
The preferred values are based on a falloff representa

tion from Refs. 1 and 2 of the data for the reverse process 
HO + CS2 + M -?> HOCS2 + M and the determination 
of the equilibrium constant from the same work. Most 
weight was given to the data from Ref. 2 which extends to 
lower pressures. The data from Refs. 3 are not consistent 
with this evaluation (with differences of a factor of -2). 
HOCS2 formation and dissociation are characterized by 
an equilibrium constant of 

Kc = 5.16 X 10-25 exp(5160/T) cm3 molecule-I, 

as derived from the data of Ref. 2. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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High-pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 
3.1 x 10" at 680 Torr (N2) 

6.5 x 104 at 685 Torr (N2) 
2.2 x lOS at 660 Torr (Nz) 
7.4 x 104 

Comments 

(a) See comment (a) for ko• 

Temp./K 

252 
270 
297 
room temperature 

(b) Laser photolysis of 03 in the presence of H20, CS2 

and Ar (presumably 1 bar) at room temperature. LIF 
detection of HO. Rates of HOCS2 formation and de
composition measured, with an equilibrium constant 
of Kc = 2.6 X 1U- 17 em3 molecule-I. The rate ot the 
reaction 03 + HOCS2 was also investigated, leading 
to k(03 + HOCS2) = 9 x 10- 13 cm3 molecule- 1 S-I. 

Preferred Values 

koo = 4.8 X 105 S-1 at 298 K. 
koo = 1.6 X 1013 exp( -5160/T) S-1 over the tempera

ture range 250-300 K. 

Reliability 
dlog k = ± 0.5 at 298 K. 
d(E/R) = ±500 K. 

Reference Comments 

Hynes, Wine, and Nicovich, 19881 (a) 

Bulatov et al., 19884 (b) 

Comments on Preferred Values 
The preferred values are based on the falloff extrapola

tion of the data for the reverse reaction and the equi
librium constant Kc = 5.16 X 10-25 exp(5160/T) crn3 

molecule -1 from Ref. 2. Falloff curves are constructed 
with an estimated Fe = 0.8. The small preexponential fac
tor of koo can be explained theoretically as being due to 
the low bond energy of HOCS2• For a discussion of the 
mechanism, see Refs. 1, 2 and 5-8. 
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HOCS2 + O2 ~ products 

Rate coefficient data 

k/cm3 rnolecule- 1 S-1 

Absolute Rate Coefficients 
1.4 x 10- 14 exp[(217 ± 301 )/T] 
(3.26 ± 0.70) x 10- 14 

(2.6 ± 1.0) x 10- 14 

Comments 

Ternp./K 

247299 

297 
249-299 

(a) Pulsed laser photolysis of H20 2-CS2 mixtures at 248 
nm. HO radicals were monitored by LIF. The effects 
of He, N2, air and O2 were studied, and the total pres
sure was varied over the range 65-690 Torr. If the 
rate coefficient k is assumed to be temperature inde
pendent, the average of the measured values is 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Hynes, Wine, and Nicovich, 19881 (a) 

Murrells, Lovejoy, and Ravishankara, 19902 (b) 

(2.9 ± 1.1) x 10- 14 cm3 molecule- 1 S-1 over the 
range 247-299 K. 

(b) Pulsed laser photolysis of H20 2-CS2 mixtures at 248 
or 266 nm. HO radicals monitored by LIF. The ef
fects of N2, He, SF6, and O2 were studied at total 
pressures over the range 9-60 Torr. 
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Preferred Values 

k = 2.8 X 10- 14 cm3 molecule- 1 
S-I, independent of 

Il'mperature over the range 240-300 K. 

Ul'liability 
~log k = ± 0.3 over the temperature range 240-300 K. 

('omments on Preferred Values 
The reaction of HOeSz with Oz is an intermediate step 

111 the overall reaction of HO with esz under atmospheric 
conditions. The HOeS2 is formed by the addition of HO 
to es2; once formed it may undergo dissociation back to 
110 and eS2 or react with O2. In previous evaluations, the 
IIOCS2 + 02 reaction has been considered on the data 
~heet for HO + eS2 because only in recent studies has 
the mechanism of the HO + eS2 reaction been clarified 
and the individual reactions involved studied separately. 

The two studies I.:! of the kinetics of this reaction are in 
good agreement. Basically the same technique was used 
111 both and a similar temperature range was covered. 
Similar results were obtained over a range of bath gas 
pressures. 

The results of Hynes et a/. I could equally well be repre
~ented by an Arrhenius expression with a small negative 
temperature coefficient for k or by a temperature-inde
pendent rate coefficient k. The results of Murrell et al,z 
favor the latter. For the preferred values we assume the 
rate coefficient k to be temperature independent over the 
temperature range studied and take a mean of the values 
of Hynes et al. 1 and Murrells et al. 2 

Lovejoy et al.3 have studied product formation from 
the HOCS2 + O2 reaction using a flow tube with product 
detection by LMR and chemionization MS. They con
cluded that the overall stoichiometry of the reaction is 

Hoesz + 202 ~ H02 + S02 + oes 

This reaction cannot occur in a single step to yield these 
products, and Lovejoy et al. 3 conclude that there are 
unidentified intermediate stages in the reaction. The 

same conclusion was reached by Becker et al.4 Further 
work to establish the detailed mechanism is desirable. 

The main steps in the atmospheric oxidation of esz ini
tiated by HO are 

HO + eS2 ~ HOeS2 

HOeS2 + 202 --,) H02 + S02 + oes 

Because of the nature and number of the steps involved, 
the overall rate of reaction of HO with eS2 in the pres
ence of O2 is a complex function of both the total pres
sure and the pressure of O2• Studies over a range of 
pressures and gas composition have established keff' the 
rate coefficient for HO removal in air. Hynes et al.1 have 
obtained the following expression for keff in air at 298 K: 

_ 1.25 X 10- 16 exp(4550/T) 3 -1 -1 

keff - T + 1.81 X 10-3 exp(3400/T) cm molecule s 

Studies by Murrells et al.2 and by Becker et al.4 are in 
good agreement with this expression. 

Despite the concordancy of measurements of keff, sig
nificant differences are found between value!; fur keff 

based on measurements of HO removal and those based 
on relative rate studies of product formation. Becker 
et a/.4 have used both types of technique in the same lab
oratory, employing a number of variations of the relative 
rate method, but the results have only confirmed the dif
ference. The studies based on product formation give val
ues of keff up to 50% higher than the real-time studies 
based on HO removal. These differences point to the 
need for further studies of the chemistry of the later 
stages of the reaction involving O2• 
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HO + CH3SH ~ products 

Rate coefficient data 

Absolute Rate Coefficients 
8.89 x 10- 12 exp[(398 ± 151)/T] 
(3.39 ± 0.34) x 10- 11 

1.15 X 10- 11 exp[(338 ± l(0)/T] 
(3.37 ± 0.41) x 10- 11 

(2.1 ± 0.2) x 10- 11 

(2.56 ± 0.44) x 10- 11 

1.01 X 10- 11 exp[(347 ± 59)/T] 
3.24 x 10- 11 

3.69 X 10- 11 

j.l7 X lU- ll 

Relative Rate Coefficients 
(9.68 ± 0.97) x 10- 11 

(3.72 ± 0.37) x 10- 11 

(3.50 ± 0.49) x 10- 11 

Reviews and Evaluations 
9.9 x to- 12 exp(3.56/T) 
9.97 x 10- 12 exp(356/T) 
9.9 x 10- 12 exp(360/T) 

Comments 

Temp-lK 

300-423 
300 
244-366 
298 
293 

296 
254-430 
298 
270 
300 

297 
jUU 
313 

240-430 
244-430 
244-430 

(a) Flash photolysis system with resonance fluorescence 
detection of HO. 

(b) Discharge flow system with electron paramagnetic 
resonance detection of HO. 

(c) Discharge flow system with resonance fluorescence 
detection of HO. 

(d) Laser photolysis system with LIF detection of HO. 
The rate coefficients were observed to be indepen
dent of total pressure and of the presence or absence 
of O2, up to 147 Torr O2 (270 K) or 700 Torr O2 

(300 K). 
(e) Relative rate method. HO radicals generated by pho

tolysis of HONO~NO-air mixtures at atmospheric 
pressure. Decay rate of CHjSH measured relative to 
that of C2H4, and the relative rate coefficient placed 
on an absolute basis by use of k(HO + CZH4) = 
8.57 x 10-12 cm3 molecule- 1 S-1.11 

(t) Relative rate method. HO radicals generated by pho
tolysis of H20 2 in N2 at atmospheric pressure. Decay 
rate of CH3SH measured relative to that for propene, 
and the relative rate coefficient placed on an abso
lute basis by 'use of k (HO + propene) = 4.85 X 

10- 12 exp(504/T) cm3 molecule- 1 S-I:1 

(g) See Comments on Preferred Values. 
(h) Derived from a least-squares analysis of the absolute 

rate coefficient data of Atkinson et al., 1 Wine et al., 2,6 

and Hynes and Wine7 and the relative rate coeffi
cients of Barnes et al.9 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Atkinson, Perry, and Pitts, 19771 

Wine et aI., 19812 

Mac Leod, Poulet, and Le Bras, 19833; 

Mac Leod et aI., 19844 

Lee and Tang, 19835 

Wine, Thompson, and Semmes, 19846 

Hynes and Wine, 19877 

Cox and Sheppard, 1980" 
Barnes et al., 1986'.1 

IUPAC, 198910 

Atkinson, 198911 

NASA, 199012 

Comments 

(a) 

(a) 

(b) 

(c) 
(a) 

(d) 

(e) 
(f) 

(g) 
(h) 
(i) 

(i) Derived from the absolute rate coefficient data of 
Atkinson et al., 1 Wine et al.2

,6 and Hynes and Wine.7 

Preferred Values 

k = 3.3 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
k = 9.9 X 10- 12 exp(356/T) cm3 molecule- 1 S-1 over 

the temperature range 240-430 K. 

Reliability 
Lllog k = ± 0.1 0 at 298 K. 
Ll(E/R) = ± 100 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.10 The preferred values arc based 
upon a least-squares analysis of the absolute rate coeffi
cients of Atkinson et al.,1 Wine et al.,2,6 and Hynes and 
Wine,7 which are in excellent agreement. The recent rel
ative rate study of Barnes et al.9 shows that erroneous 
rate coefficient data are obtained in the presence of O2 
and NO, thus accounting for the much higher value of 
Cox and Sheppard.s 

The study of Hynes and Wine7 shows that there is no 
observable effect of O2 on the measured rate coefficient 
and the rate coefficients at 298 K for the reactions of the 
HO radical with CD3SH7 and CH3SD6 are within 15% of 
that for HO + CH3SH. These data indicate6

,7.11 that the 
reaction proceeds via initial addition of HO to form the 
adduct CH3S(OH)H6. 
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ryndall and Ravishankara13 have determined, by moni
toring the CH3S radical by LIF, a CH3S radical yield from 
the reaction of the HO radical with CH3SH of 1.1 ± 0.2. 
The reaction then proceeds by HO + CH3SH ~ 
ICH3S(OH)H] ~ H20 + CH3S. 
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HO + CH3SCH3 ~ H20 + CH2SCH3 (1) 

~ CH3S(OH)CH3 (2) 

107.9 kJ'mol- 1 

Rate coefficient data (k = k, + k2 ) 

Absolute Rate Coefficients 
kl = (3.5 ± 0.2) x 10- 12 

Relative Rate Coefficients 
kl = (4.69 ± 0.43) x 10- 12 

k = (8.52 ± 0.52) X 10- 12 (760 Torr air) 

Reviews and Evaluations 
kl = 9.6 X 10- 12 exp( -234fT) 

_ [ 1.7 X 10- 42 [OzJ exp(781O/T) ] 
kz - 1 + 5.5 X 10-31 [02] exp(7460fT)] 

kl = 1.03 X 10- 11 exp( - 243fT) 

Temp./K 

295 ± 2 

298 ± 3 
298 ± 3 

250-400 

260-360 

248-397 

_ [ 1.68 X 10-42 
[Oz] exp(7812fT) ] -260-400 

kz - [1 + 5.53 X 10- 31 [02] exp(7460fT)] 

kl = 1.1 X to-II exp( - 240fT) 248-397 

Comments 

(a) HO radicals generated by the pulsed radiolysis of 
Ar-H20 mixtures at 1 atm total pressure, and de
tected by UV absorption at 309 nm. 

(b) Relative rate study. HO radicals generated by the 
photolysis of H20 2 at 254 nm in Nr02 mixtures at 
760 Torr total pressure. Decay rates of dimethyl sul
fide and ethene monitored by GC and the measured 
rate coefficient ratio was placed on an absolute basis 
by use of k(HO + ethene) = 8.52 x 10- 12 cm3 

molecule- 1 S-I.4 The pressure of O2 was varied from 
zero to 760 Torr. The cited value for k is at 760 Torr 
total pressure of air. 

(c) See Comments on Preferred Values. 
(d) The rate coefficient for the abstraction process 

[channel (1)] was derived from the data of Wine 

Reference 

Nielsen et al., 19891 

Barnes, Bastian, and Becker, 19882 

Barnes, Bastian, and Becker, 19882 

IUPAC, 19893 

Atkinson, 19894 

NASA,19905 

Comments 

(a) 

(b) 
(b) 

(c) 

(d) 

(e) 

et al./) Hynes et al. 7 and Barnes et al." The rate coef
ficient for the addition process [channel (2)] is that of 
Hynes et al.7 

( e) The rate coefficient for the abstraction process 
[channel (1)] was derived from the absolute rate co
efficient data of Wine et al.,6 Hynes et al.7 and Hsu 
et al.8 

Preferred Values 

k = 4.4 X 10- 12 + {( 4.1 X 10-31 [02])/(1 + 4.1 x 
10- 20 [02])} cm3 molecule- 1 S-1 at 298 K. 

kl = 4.4 X 10- 12 em3 molecule- 1 S-1 at 298 K. 

kJ = 9.6 X 10- 12 exp( - 234/T) over the temperature 
range 250-400 K. 
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k2 = 4.1 X 10-31 [02]1(1 + 4.1 x 10-20 [02]) cm3 

molecule -1 s -1 at 298 K. 
k2 = 1.7 X 10-12 cm3 molecule- l S-l at 298 K and 1 bar 

of air. 
k2 = 1.7 X 10-42 exp(7810/T) [02]1(1 + 5.5 x 10-31 

exp(7460/T) [02]) cm3 molecule- 1 S-l over the tempera
ture range 260-360 K. 

Reliability 
Alog kl = ±0.10 at 298 K. 
A(Et/R) = ± 300 K. 
Alog k2 = ± 0.3 at 298 K and 1 bar of air. 

Comments on Preferred Values 
It is now recognized2-4,7 that this reaction proceeds via 

the two reaction steps (1) and (2). The CH3S(OH)CH3 
adduct radical decomposes sufficiently rapidly that in the 
absence of O2 only the rate coefficient kl is measured. In 
the pre~ence of 0:2) the ~HlS(OH)~Hl radical react~ by 

Hence only in the presence of 02 is the addition channel 
(2) observed, with the observed rate constant being de
pendent on the O2 concentration (but, to at least a first 
approximation, not on the concentration of other third 
bodies such as N2, Ar or SF6).7 

The relative rate study of Wallington et al.9 shows that 
previous relative rate studies were complicated by sec
ondary reactions, and that all relative rate coefficient 
studies carried out in the presence of NO are of dubious 
quality. The most recent absolute rate coefficients mea
sured in the absence of 0 2

1
,6-10 agree that the earliest ab

solute rate coefficients of Atkinson et al. ll and Kurylo12 

are erroneously high, and those of Mac Leod et al.13 were 
in error owing to heterogeneous wall reactions.10 The pre
ferred rate coefficient kl for the H-atom abstraction 
channel is based upon the two studies of Wine and co
workers,6.7 and the rate coefficient for the HO radical ad
dition channel (step 2) utilizes the data of Hynes et al.6 

While the expression for k2 is strictly valid only for 0.93 
bar of air6 (in that the rate coefficients for HO addition 
to CH3SCH3 and the reverse dissociation step may be in 
the fall-off regime), this equation fits the room tempera
ture data obtained at pressures of air from 0.07 to 0.93 
bar well. 
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HO + CH3SSCH3 ~ products 

Rate coefficient data 

k/cm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
5.9 x 10- 11 exp[(380 ± 160)/T] 249-367 
(1.98 ± 0.18) X 10-10 298 

Reviews and Evaluations 
6.0 x 10- 11 exp(380/T) 250-370 
5.83 X 10- 11 exp(383/T) 249-367 
5.7 X 10- 11 exp(380/T) 249-367 

Comments 

(a) Flash photolysis system with resonance fluorescence 
detection of HO, carried out over the total pressure 
range 50-200 Torr of Ar. 

(b) See Comments on Preferred Values. 
(c) Based on the absolute rate coefficient study of Wine 

et al. l 

J. Phys. CherY.· ~ef. Data, Vol. 21, No.6 ... r 

Reference Comments 

Wine el 01., 1981 1 (a) 

CODATA, 19842; IUPAC,19893 (b) 
Atkinson, 19894 (c) 
NASA,199OS (c) 

Preferred Values 

k = 2.0 X 10- 10 cm3 molecule-1 S-1 at 298 K. 
k = 6.0 X 10- 11 exp(380/T) cm3 molecule-1 S-1 over 

the temperature range 250-370 K. 

Reliability 
Alog k = ±0.10 at 298 K. 
A(E/R) = ±300 K. 
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Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.2 The direct determinations of the 
rate coefficient by Wine et at.1 are in excellent agreement 
with the previous room temperature relative rate coeffi
cient of . Cox and Sheppard.6 The preferred 298 K rate 
coefficient is the mean of all of the individual determina
tions of the rate coefficient at 298 K (four from Wine 
l't at. 1 and one from Cox and Sheppard6

). The tempera
ture dependence is that of Wine et al., 1 with the A factor 
heing adjusted to yield the preferred 298 K rate coeffi
cient. The magnitude of the rate coefficient and the neg-

ative temperature dependence indicates that the reaction 
proceeds by initial HO radical addition to the S atoms: 

HO + CH3SSCH3 ~ CH3SS(OH)CH3 

References 

IP. H. Wine, N. M. Kreutter, C. A. Gump, and A. R. Ravishankara, J. 
Phys. Chern. 85, 2660 (1981). 

2CODATA, Supplement II, 1984 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6R. A. Cox and D. W. Sheppard, Nature 284, 330 (1980). 

H02 + 502 ~ products 

Rate coefficient data 

klcm3 molecule 1 s 1 

Absolute Rate Coefficients 
~ 4.3 X 10- 17 

Reviews and Evaluations 
~ 1 X 10- 18 

~ 1 X 10- 18 

Comments 

Temp.IK 

-298 

298 
298 

(a) Fast-flow discharge study. HOz radicals were gener
ated by a discharge in H20 2 and by reaction of F 
atoms with H20 2• H02 and HO radicals were moni
tored by LMR to yield the rate coefficient ratio 
k/k(HO + H202). A value of k/k(HO + H20 2) was 
not quoted, but from the cited value of k ~ 2 X 10- 17 

cm3 molecule- 1 
S-1 and the rate coefficient k(HO + 

Ih02) = 8 x 10- 13 cm3 mo1ecu1e- 1 s-! used,! we ob
taink/k(HO + HzOz) ~ 2.5 X 10-3

• Usingk(HO + 
H20 2) = 1.7 X 10- 12 cm3 molecule- 1 S-l (this evalu
ation). the rate coefficient cited in the tahle i~ oh
tained. The quoted value of k was assigned to the 
reaction H02 + S02 ~ HO + S03, but results sug
gest other channels are also slow. 

(b) See Comments on Preferred Values. 
(c) Accepts the upper limit to the rate coefficient of Gra

ham et al.6 

Reference 

Burrows et al., 19791 

CODATA, 19822
; IUPAC, 19893 

NASA,19904 

Preferred Values 

comments 

(a) 

(b) 
(c) 

k ~ 1 X 10-18 em3 molecule- 1 5- 1 at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA 1982.2 The most recent determination1 

confirms that the reaction is slower than some earlier re
sults5 had suggested and supports the even lower limit set 
uy Oli:tlli:UIl et ul.," which we take as the preferred value. 

References 

IJ. P. Burrows, D. I. Cliff, G. W. Harris, B. A. Thrush, and J. P. T. 
Wilkinson, Proc. R. Soc. (London) A368, 463 (1979). 

2CODATA, Supplement I, 1982 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5W. A. Payne, L. J. Stief, and D. D. Davis, J. Am. Chern. Soc. 95, 7614 

(1973). 
"R. A. Gli:thi:lllJ, A. M. Wim::r, R. Atkinson, and J. N. Pi[[S, Jr., J. Phys. 

Chern. 83, 1563 (1979). 
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Rate coefficient data 

Absolute Rate Coefficients 
~ 3 x to- 14 

<8 X to- 16 

Relative Rate Coefficients 
<3 x to- 14 

Reviews and Evaluations 
< 1 x to- 15 

<8 X to- 16 

Comments 

Temp./K 

298 
298 

298 

298 
298 

(a) Flash photolysis system with optical absorption de· 
tection of N 0 3• 

(b) Flow system with LIF detection of N03• 

(c) Relative rate method. N03 generated by the thermal 
decomposition of N Z0 5, and the rate coefficient 
placed on an absolute basis by use of an equilibrium 
constant for the N03 + N02 ~ N20 S reactions of 
3.41 x 10- II em3 molecule- I

•
6 

(d) See Comments on Preferred Values. 
(e) Based upon the upper limit to the rate coefficient de· 

termined by Dlugokencky and Howard.2 

Preferred Values 

k < 1 X 10- 15 cm3 molecule- I S-1 at 298 K. 

Reference 

Wallington et 01., 19861 

Dlugokencky and Howard, 19882 

Cantrell et 01., 19873 

IUPAC, 19894 

NASA,19905 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 

(d) 
(e) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.4 The preferred upper limit to the 
rate coefficient is based upon the study of Dlugokencky 
and Howard.2 

References 

IT. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., 
J. Phys. Chern. 90,5393 (1986). 

2E. J. Dlugokencky and C. J. Howard, J. Phys. Chern. 92, 1188 (1988). 
3C. A. Cantrell, J. A. Davidson, R. E. Shetter, B. A. Anderson, and 1. 

G. Calvert, J. Phys. Chern. 91, 6017 (1987). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
fiR. Atkinson, J. Phys. Chern. Ref. Data 20, 459 (1991). 

N03 + CS2 ---,) products 

Rate coefficient data 

klcm' molecule- 1 
S-1 

Absolute Rate Coefficients 
<4 x 10- 16 

Relative Rate Coefficients 
< 1.1 x 10- 15 

Reviews and EvaluatIOns 
< 1 x 10- 15 

<4.0 X 10- 16 

Comments 

Temp./K 

298 

297 

298 
298 

(a) Molecular modulation system with optical absorption 
detection of N03• 

(b) Relative rate method. N03 generated by thermal de· 
composition of N20 5 at atmospheric pressure of air. 
Decay rates of CS2 and propene monitored by FTIR 
absorption spectroscopy. Upper limit to the rate co· 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Burrows, Tyndall and Moortgat, 19851 

Mac Lcod et 01., 19862 

IUPAC, 19893 

NASA,19904 

Comments 

(a) 

(b) 

(c) 
(d) 

efficient obtained by use of k(N03 + propene) = 
9.4 x 10- 15 cm3 molecule- 1 S-1 (this evaluation). 

(c) See Comments on Preferred Values. 
(d) Based on the upper limit to the rate coefficient deter· 

mined by Burrows et al. 1 

Preferred Values 

k < 1 X 10- 15 cm3 molecule- 1 S-1 at 298 K. 
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( 'mnments on Preferred Values 
This data sheet is reproduced from our previous evalu

,IlIon, IUPAC, 1989.3 The preferred value is based upon 
I he absolute study of Burrows et al., 1 which is consistent 
with the slightly higher upper limit derived by Mac Leod 
{'t al.2 

References 

1J. P. Burrows, G. S. Tyndall, and G. K. Moortgat, J. Phys. Chern. 89, 
4848 (1985). 

2H. Mac Leod, S. M. Aschmann, R. Atkinson, E. C. Tuazon, J. A. 
Sweetman. A. M. Winer. and J, N. Pitts. Jr .. J. Geophys. Res. 91. 5338 
(1986). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 

N03 + OCS ~ products 

Rate coefficient data 

/.. fern3 molecule - 1 S-1 

He/ative Rate Coefficients 
<4.6 X 10- 17 

Ucviews and Evaluations 
<3 X 10- 15 

<3,0 X 10- 15 

Comments 

Temp.IK 

297 

298 
298 

(a) Relative rate method. N03 radicals generated by the 
thermal decomposition of N20 5 at atmospheric pres
sure of air. Decay rates of COS and propene moni
tored by FTIR absorption spectroscopy. Upper limit 
to the rate coefficient obtained by use of k(N03 + 
propene) = 9.4 x 10-15 cm3 molecule-I S-1 (this 
evaluation). 

(b) Based upon the upper limit to the rate coefficient de
termined by Mac Lead et al. 1 Due to a typographical 
error, the incorrect reference reaction and rate coef
ficient were used. 

(c) Based upon the upper limit to the rate coefficient de
termined by Mac Lead et al.1 

Reference 

Mac Leod et aI., 19861 

IUPAC, 19892 

NASA, 19903 

Preferred Values 

Comments 

(a) 

(b) 
(c) 

k < 1 X 10- 16 cm3 molecule- 1 S-1 at 298 K. 

Comments on Preferred Values 
The preferred value is based upon the sale study of 

Mac Leod et al.,l with a somewhat higher upper limit 
than reported. 

References 

1H. Mac Leod, S. M_ Aschm:mn, R_ Atldn~on, E_ C Tuazon, 1. A. 

Sweetman, A. M. Winer, and J. N. Pitts, Jr., J. Geophys. Res. 91,5338 
(1986). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 19QO (se.P. Te.fe.Te.nC'p." in Introduction). 

N03 + S02 ~ products 

k fcm3 molecule -1 S-1 

Absolute Rate Coefficients 
<1 x 10- 17 

<1.2 X 10- 17 

Reviews and Evaluations 
<1 x 10- 19 

<7.0 X 10-21 

Ternp.1K 

295 ± 2 
473 

298 
298 

Rate coefficient data 

Reference 

Canosa-Mas et al., 19881 

Canosa-Mas et al., 19882 

IUPAC, 19893 

NASA. 19904 

Comments 

(a) 
(a) 

(b) 
(c) 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Discharge flow system with optical absorption detec
tion of N03• 

(b) See Comments on Preferred Values. 
(c) Based upon the study of Daubendiek and Calvert.s 

Preferred Values 

k < 1 X 10- 19 cm3 molecule- 1 S-1 at 298 K. 

Comments on Pre/erred Values 
The preferred value is based upon the relative rate 

study of Daubendiek and Calvert,S with a much higher 
upper limit. This preferred upper limit to the 298 K rate 
coefficient is consistent with the upper limits determined 

in the absolute rate coefficient studies of Burrows et al.," 
Wallington et al./ Dlugokencky and Howard8 and 
Canosa-Mas et al.1

,2 

References 

Ie. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chern. Soc. 
Faraday Trans. 2, 84, 247 (1988). 

2e. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chern. Soc. 
Faraday Trans. 2, 84, 263 (1988). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5R. L. Daubendiek and J. G. Calvert, Environ. Lett. 8, 103 (1975). 
6J. P. Burrows, G. S. Tyndall, and G. K. Moortgat, J. Phys. Chern. 89, 

4848 (1985). 
7T. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., 

J. Phys. Chern. 90,5393 (1986). 
liE. J. Dlugokencky and C. J. Howard, J. Phys. Chern. 92, 1188 (1988). 

N03 + CH3SH ~ products 

Rate coefficient data 

Absolute Rate Coefficients 
1.0 x 10- 13 exp[(600 ± 400)/T] 
(8.1 ± 0.6) x 10- 13 

(7.7 ± 0.5) x 10- 13 

1.09 X 10- 12 exp[(O ± 50)/T] 
(1.09 ± 0.13) x 10- 12 

Relative Rate Coefficients 
(1.00 ± 0.22) x 10- 12 

Reviews and Evaluations 
9.2 x 10- 13 

4.4 X 10- 13 exp(21O/T) 
9.3 x 10- 13 

Comments 

Temp./K 

280-350 
298 
298 
254-367 
298 

297 

. 250-370 
250-370 
254-367 

(a) Flash photolysis system with optical absorption of 
NO.3. Carried out at total pressures of 50-100 Torr of 
N2• 

(b) Discharge flow system with MS detection of CH3SH 
in the presence of excess concentrations of N03 rad
icals. Carried out at total pressures of -1 Torr. Cor
rections were made for the reaction of CH3SH with 
F2 used as the precursor to generate N03 radicals. 

(c) Flow system with LIF detection of N03• Carried out 
at a total pressure of -1 Torr. 

(d) Relative rate method. N03 radicals generated by the 
thermal decomposition of N20 S in N20 s-NOz-air 
mixtures at atmospheric pressure. Decay rates of 
CH3SH and trans-2-butene monitored, and the rate 
coefficient placed on an absolute basis by use of 
k(N03 + trans-2-butene) = 3.89 x 10- 13 cm3 

molecule- 1 S-I.7 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Wallington et ai., 19861 

Rahman et ai., 19882 

Dlugokencky and Howard, 19883 

Mac Leod et al., 19864 

IUP AC, 19895 

NASA, 19906 

Atkinson, 19917 

Comments 

(a) 

(b) 
(c) 

(d) 

(e) 
(f) 
(g) 

(e) See Comments on Preferred Values. 
(f) Derived from the absolute rate coefficient data of 

Wallington et al.,l Rahman et al.2 and Dlugokencky 
and Howard.3 

(g) The 298 K rate coefficient was the average of the ab
solute rate coefficient studies of Wallington et al.,1 
Rahman et al.2 and Dlugokencky and Howard3 and 
the relative rate coefficient of Mac Leod et al.4 The 
temperature dependence was that of Dlugokencky 
and Howard.3 

Preferred Values 

k = 9.2 X 10-13 cm3 molecule- 1 S-I, independent of 
temperature over the range 250-370 K. 

Reliability 
dlog k = ± 0.15 at 298 K. 
d(E/R) = ±400 K. 
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Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.5 The preferred value at 298 K is the 
mean of the four studies carried out to date,l-4 which are 
in reasonably good agreement. Although a significant 
negative temperature dependence is indicated by the ab
solute rate coefficient study of Wallington et al.,1 this is 
due to the rate coefficient measured at 350 K, since the 
rate coefficients at 280 and 298 K are identical.1 The tem
perature independence determined by Dlugokencky and 
Howard3 is accepted. The experimental data indicate that 
there is no pressure dependence of the rate coefficient, at 
least over the range -0.0013-1 bar. 

The magnitude of the rate coefficient and the lack of 
temperature dependence of the rate coefficient shows 
that this reaction proceeds by initial addition, followed by 

decomposition of the adduct to yield CH3S radicals (see 
also the data sheet on the N03 + CH3SCH3 reaction) 

References 

IT. J. WalIington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys. 
Chern. 90, 5393 (1986). 

2M. M. Rahman, E. Becker, Th. Benter, and R. N. Schindler, Ber. Bun
senges Phys. Chern. 92, 91 (1988). 

3E. J. Dlugokencky and C. J. Howard, J. Phys. Chern. 92, 1188 (1988). 
4H. Mac Leod, S. M. Aschmann, R. Atkinson, E. C. Tuazon, J. A. 

Sweetman, A. M. Winer, and J. N. Pitts, Jr., J. Geophys. Res. 91,5338 
(1986). 

5IUPAC, Supplement III, 1989 (see references in Introduction). 
tiNASA Evaluation No.9 (see references in Introduction). 
7R. Atkinson, J. Phys. Chern. Ref. Data 20, 459 (1991). 

N03 + CH3SCH3 ~ products 

Rate coefficient data 

k/cm3 molecule- 1 S-1 

AUl>u/ute Rule Cueffidems 
(1.3 ± 0.3) X 10- 12 

Reviews and Evaluations 
1.9 x 10- 13 cxp(SOO/T) 
1.9 X 10- 13 exp(500/T) 
1.87 X 10- 13 exp(S19/T) 

Comments 

Temp./K 

298 ± 1 

250-380 
256-376 
256-376 

(a) N03 radicals generated by pulsed laser photolysis of 
HN03, and detected by optical absorption. 

(b) The 298 K rate coefficient was derived from the abso
lute rate coefficients of Tyndall et al.5 and Dlugo
kencky and Howard6 and the relative rate coefficient 
of Atkinson et al.7 The temperature dependence was 
that of Dlugokencky and Howard.6 

(c) Derived from the absolute rate coefficients of 
Wallington et al.,s Tyndall et al.s and Dlugokencky 
and Howard.6 

(d) Derived from a least-squares analysis of the absolute 
rate coefficients of Tyndall et al.,5 Dlugokencky and 
Howard6 and Daykin and Wine l and the relative rate 
coefficient of Atkinson et al. 7 

Preferred Values 

k == 1.1 X 10-12 cm3 molecule- 1 S-1 at 298 K. 
k == 1.9 X 10-13 exp(S20/T) cm3 molecule- 1 S-1 over 

the temperature range 250-380 K. 

Reliability 
Alog k == ± 0.15 at 298 K. 
A(E/R) = ± 200 K. 

Reference 

Daykin and Wine, 19901 

IUPAC, 19892 

NASA,19903 

Atkinson, 19914 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 
(d) 

The absolute1
,5,6,8,9 and relative7 rate coefficient studies 

are in reasonable agreement, althuugh the data uf 
Wallington et al.8

,9 are -20% lower than the other data. 
The absolute rate coefficients measured by Tyndall 
et aL .,5 Dlugokencky and Howard6 and naykin and Wine l 

and the relative rate coefficient of Atkinson et al.7 have 
been fitted to an Arrhenius expression to obtain the pre
ferred values. The experimental data show that the rate 
coefficient is independent of total pressure over the 
range -0.0013-1 bar. 

The magnitude of the rate constant and the negative 
temperature dependence indicates that this reaction pro
ceeds by initial addition of the N03 radical to the S atom. 
The kinetic data of Daykin and Wine1 for CH3SCH3 and 
CD3SCD3 show that the rate determining step involves 
H - (or D - ) atom abstraction, indicating that the reac
tion is N03 + CH3SCH3 ;2 [CH3S(ON02)CH3]* ~ 
CH3SCH2 + HN03 • 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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References 

IE. P. Daykin and P. H. Wine, Int. J. Chern. Kinet. 22, 1083 (1990). 
2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4R. Atkinson, J. Phys. Chern. Ref. Data 20, 459 (1991). 
sG. S. Tyndall, J. P. Burrows, W. Schneider, and G. K. Moortgat, Chern. 

Phys. Lett. 130, 463 (1986). 

6E. J. Dlugokencky and C. J. Howard, J. Phys. Chern. 92, 1188 (1988). 
7R. Atkinson, J. N. Pitts, Jr., and S. M. Aschrnann, J. Phys. Chern. 88, 

1584 (1984). 
sT. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys. 

Chern. 90, 5393 (1986). 
"7. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys. 

Chern. 40, 4640 (1986). 

Rate coefficient data 

Absolute Rate Coefficients 
1.9 x 10- 13 cxp[(290 ± 50)/T] 
(4.9 ± 0.8) x 10- 13 

7.4 X 10- 13 exp[(O ± 200)/T] 
(7.4 ± 1.5) x 10- 13 

Relative Rate Coefficients 
(See comment) 

R,tl';ews and Evaluations 
7 X 10- 13 

1.3 X 10- 12 exp( - 270fT) 
7 X 10-13 

Comments 

Ternp./K 

280-350 
298 
334-382 
298* 

297 

300-380 
280-380 
300-380 

(a) Flash photolysis system with optical absorption de
tection of N03. Carried out at total pressures of 50-
100 Torr of N2. 

(b) Flow system with LIF detection of N03. Carried out 
at total pressures of -1 Torr. 

(c) Relative rate method. N03 radicals generated by 
thermal decomposition of N20 s in N20s-N02-air 
mixtures at atmospheric pressure. Relative decay 
rates of CH3SSCH3 and trans -2-butene monitored. 
The more recent study of Atkinson et al. 7 has shown 
that reliable rate coefficient data cannot be obtained 
from the chemical system used. 

(d) See Comments on Preferred Values. 
(e) Derived from the absolute rate coefficients of 

Wallington etal. l and Dlugokcncky and Howard.2 

(f) Derived mainly from the absolute rate coefficient 
study of Dlugokencky and Howard,2 taking into ac
count the data of Wallington et al. l 

Preferred Values 

k = 7 X 10- 13 cm3 molecule- l S-l, independent of 
temperature over the range - 300-380 K. 

Reliability 
~log k = ± 0.3 at 298 K. 
~(E/R) = ±500 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.4 The two absolute studiesl
•
2 are in 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Wallington ct al., 19861 

Dlugokencky and Howard, 19882 

Mac Leod el al., 19863 

IUPAC, 19894 

NASA,19905 
Atkinson, 19916 

Comments 

(0) 

(b) 

(c) 

(d) 
(e) 
(f) 

reasonable agreement with respect to the room tempera
ture rate coefficient. While the reported rate coefficient 
from the relative rate studl is an order of magnitude 
lower than the absolute data, the recent study of Atkin
son et al.7 shows that this is due to complexities in the ex
perimental system used. Accordingly, the preferred 
values are based upon the absolute rate studies, and then 
mainly on the most recent data of Dlugokencky and 
Howard,2 with the error limits being sufficient to encom
pass the data of Wallington et al. l 

As for the N03 radical reactions with CH3SH and 
CH3SCH3, the N03 radical reaction with CH3SSCH3 is ex
pected to proceed by initial addition, followed by decom
position of the addition adduct, possibly to yield CH3S 
radicals3 

N03 + CH3SSCH3 +± [CH3SS(ONO:z)CH3]t > 

CH3 S + CH3SON02 

References 

IT. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys. 
Chern. 90, 5393 (1986). 

2E. J. Dlugokencky and C. J. Howard, J. Phys. Chern. 92, 1188 (1988). 
3H. Mac Leod, S. M. A<;chmann, R. Atkinson, E. C. Tuazon, J. A. 

Sweetman, A. M. Winer, and J. N. Pitts, Jr., J. Geophys. Res. 91,5338 
(1986). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9 (see references in Introduction). 
6R. Atkinson, J. Phys. Chern. Ref. Data 20, 459 (1991). 
7R. Atkinson, S. M. Aschrnann, and J. N. Pitts, Jr., J. Geophys. Res. 93, 

7125 (1988). 
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HS + O2 ~ products 

Rate coefficient data 

J.. fcrn3 molecule -1 S-1 

Absolute Rate Coefficients 
<4 X 10- 17 

~1 X 10- 17 

<1 X 10- 14 

<4 X 10- 19 

< 1.5 X 10- 17 

Reviews and Evaluations 
<4 x 10- 19 

<4 X 10- 19 

Comments 

Temp./K 

298 
298 
298 
298 
295 

298 
298 

(ii) Pulsed laser photolysis of H2S at 193 11m. HS radkab 
were monitored by LIF. There was no observable de
cay of HS in the presence of 500 Torr of 02. 

(b) Discharge flow study. with He as the carrier gas. HS 
radicals were generated by the H + H2S reaction and 
monitored by LIF. 

(c) Discharge flow study, with He as the carrier gas. HS 
radicals were generated by the F + H2S reaction and 
monitored by MS. 

(d) Pulsed laser photolysis of H 2S at 193 nm. HS radicals 
were monitored by UV absorption at 324 nm using a 
mUltipass cell. Sufficient CO was added to scavenge 
HO radicals by the CO + HO ---,) CO2 + H reaction. 

(e) Discharge flow study, with He as the carrier gas. HS 
radicals were generated by F + H2S or H + C2H4S 
and monitored by LMR. 

(1) See Comments on Preferred Values. 
(g) Accepted the upper limit determined by Stachnik 

and Molina.4 

Preferred Values 

k ~ 4 X 10-]9 cm3 molecule- l S-1 at 298 K. 

Reference 

Black, 19841 

Friedl, Brune and Anderson, 19852 

Schoenle, Rahman and Schindler, 19873 

Stachnik and Molina, 19874 

Wang, Lovejoy and Howard, 19875 

IUPAC, 19896 

NASA,19907 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 

(t) 
(g) 

This data sheet is reproduced from our previous evalu
atiun, IUPAC, 1989.6 The reaction of HS with 02 is so 
slow that attempts to measure the rate coefficient have 
yielded only upper limits that fall in the range 4 x 10- 19 

to 4 X 10- 17 cm3 molecule- 1 S-1 at 29R K. The preferred 
value is from the study of Stachnik and Molina,4 which 
gives the lowest value of the upper limit to the rate coef
ficient, and which seems reliable. 

References 

IG. Black, J. Chern. Phys. 80, 1103 (1984). 
2R. R. Friedl, W. H. Brune, and J. G. Anderson, J. Phys. Chern. 89, 5505 

(1987). 
3G. SchoenIe, M. M. Rahman, and R. N. Schindler, Ber. Bunsenges. 

Phys. Chern. 91, 66 (1987). 
4R. A. Stachnik and M. J. Molina, J. Phys. Chern. 91, 4603 (1987). 
5N. S. Wang, E. R. Lovejoy, and C. J. Howard, J. Phys. Chern. 91, 5743 

(1987). 
6IUPAC, Supplement III, 1989 (see references in Introduction). 

·7NASA Evaluation No.9, 1990 (see references in Introduction). 
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M-JO = - 290 kJ'rnol- 1 

Rate coefficient data 

Absolute Rate Coefficients 
(3.2 ± 1.0) x 10- 12 

(2.9 ± 0.6) x 10- 12 

1.1 X 10- 11 exp[( -280 ± 50)/T] 
(4.39 ± 0.88) x 10- 12 

Reviews and Evaluations 
3.6 x 10- 12 

9.0 X 10- 12 exp( - 280fT) 

Comments 

Ternp./K 

298 
298 

296-431 
298 

298 
200-300 

(a) Discharge flow study, with He as the carrier gas. HS 
radicals were generated by the H + H2S reaction and 
monitored by LIF. 

(b) Discharge flow study, with He as the carrier gas. HS 
radicals were produced by the F + H2S reaction. HS 
and HSO radicals were monitored by MS. An error 
in the sensor calibration was noted in a later publica
tion,3 and the corrected rate coefficient is given in the 
table. 

(c) Discharge flow study, with He as the carrier gas. HS 
radicals were produced by the H + C2H4S ~ HS + 
C2H4 reaction. HS, HSO, and HO radicals were mon
itored by LMR. 

(d) Mean of the uncorrected value of Schoenle et al.2 

and that of Friedl et al. 1 

(e) The temperature coefficient was taken from Wang 
and Howard.4 The pre-exponential factor was based 
on the studies of Wang and Howard,4 Schoen Ie et al.2 

and Friedl et al.1 

Preferred Values 

k = 3.7 X 10-12 cm3 molecule- 1 S-1 at 298 K. 
k = 9.5 X 10-12 exp( 280/T) cm3 molecule- 1 S-1 over 

the temperature range 290 450 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Friedl, Brune and Anderson, 19851 

Schoenle, Rahman and Schindler, 19872
; 

Schindler and Benter, 19883 

Wang and Howard, 19904 

IUPAC, 19895 

NASA,19906 

Reliability 
A.log k = ± 0.2 at 298 K. 
A.(E/R) = ±2S0 K. 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 

(d) 
(e) 

This data sheet is reproduced largely from our previous 
evaluation, IUPAC, 1989,5 with the addition of the recent 
data of Wang and Howard.4 The measured rate coeffi
cients k at 298 K agree reasonably well. A mean of the 
rate coefficients from the three studies1

,3,4 is taken as the 
preferred value. There is only one measurement of the 
temperature coefficient, which is the basis of the recom
mended expression, with the pre-exponential factor cho
sen to fit the recommended value of k at 298 K. 

Since there is only one determination of the tempera
ture dependence of k, and in view of the complexity of 
the secondary chemistry in these systems, substantial er
ror limits are assigned. 

References 

lR. R. Friedl, W. H. Brune, and J. G. Anderson, J. Phys. Chern. 89, 5505 
(1985). 

~G. Schoenle, M. M. Rahman, and R. N. Schindler, Her. Bunsenges 
Phys. Chern. 91, 66 (1987). 

3R. N. Schindler and Th. Benter, Ber. Bunsenges Phys. Chern. 92, 558 
(1988). 

"N. S. Wang and C. J. Howard, J. Phys. Chern. 94, '(,7'(,7 (IWU). 
5IUPAC, Supplement III, 1989 (see references in Introduction). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
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HS + NO + M ~ HSNO + M 

Low-pressure rate coefficients 

Rate coefficient data 

ko/cm3 molecule- 1 S-l Temp./K 

Absolute Rate Coefficients 
2.7 X 1O-31 (T/300)-241! [N2] 250-445 
1.4 x 10-30 [Nz] 298 

Reviews and Evaluations 
2.4 x 10-31(T /300) -z 5 [Nz] 200--300 
2.4 X 1O-31(TJ300)-3 [air] 200-300 

Comments 

(a) Laser flash photolysis of H 2S at 193 nm with HS de
tection by LIF at 354.5 nm. The pressure dependence 
was studied over the range 30-760 Torr. The relative 
rate coefficients obtained were ko(M = He) : ko(Ar) 
: ko(N2) = 0.88 : 0.92 : 1. Falloff curves were repre
sented with Fe = 0.6 and krx; = 2.8 X 10- 11 cm3 

molecule -I s -1. Theoretical modeling with the given 
value of 6J-JO was carried out. 

(b) Flash photolysis with intracavity laser spectroscopy of 
HSO. Measurements were conducted at 13 Torr total 
pressure. 

(c) Based on Ref. 1. 

Reference Comments 

Black et aI., 19841 (a) 
Bulatov, Kozliner and Sarkisov, 19852 (b) 

IUPAC, 19893 (c) 
NASA,19904 (c) 

Preferred Values 

ko 2.4 X 10- 31 (TI300)-2.5 [N2] cm3 molecule- l S-1 

over the temperature range 200-300 K. 

Reliability 
.110g ko = ± 0.3 at 298 K. 
dn = :tl. 

Comments on Preferred Values 
The pressure- and temperature-dependent measure

ments from Ref. 1 give a consistent picture for the associ
ation reaction and are preferred. 

High-pressure rate coefficients 

Rate coefficIent data 

Absolute Rate Coefficients 
(2.7 ± 0.5) x 10- 11 

Rt:vit:w~ und Evuluutium 
2.7 x 10- 11 

2.7 X 10- 11 

Comments 

(a) See comment (a) for ko. 
(b) Based on Ref. 1. 

Preferred Values 

Temp./K 

250-300 

200--300 
200--300 

krx> = 2.7 X 10- 11 cm3 molecule- I S-1 over the temper
ature range 200-300 K. 

Reference 

Black el aI., 19841 

IUPAC, 19893 

NASA, 19894 

Comments 

(a) 

(b) 
(b) 

Reliability 
.1log k"" 

300K. 
± 0.5 over the temperature range 200-

Comments on Preferred Values 
The falloff extrapolation with Fe = 0.6 of Ref. 1 toward 

k", appears less certain than that to ko. 

Intennediate Falloff Range 
The given ko and kx values from Ref. 1 were based on 

an assumed Fe value of 0.6. 

to J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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References 

IG. Black, R. Patrick, L. E. Jusinski, and T. G. Slanger, 1. Chern. Phys. 
80, 4065 (1984). 

2V. P. Bulatov, M. Z. Kozliner, and O. M. Sarkisov, Khim. Fiz. 4,1353 
(1985). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 

HS + N02 ~ HSO + NO 

Rate coefficient data 

Absolute Rate Coefficients 
(3.5 ± 0.4) X 10- 11 

(2.4 ± 0.2) x 10- 11 

(3.0 ± 0.8) x 10 - 11 

(8.6 ± U.~) x lU- lI 

(4.8 ± 1.0) x 10- 11 

2.9 X 10-11 exp(237/T) 
(6.7 ± 1.0) x 10- 11 

Reviews and Evaluations 
2.6 x 10- 11 exp(240/T) 
2.9 X 10- 11 exp(240/T) 

Comments 

Temp./K 

298 
298 
298 
298 
298 
221-415 
298 

220-450 
200-300 

(a) Pulsed laser dissociation of H2S at 193 nm. Decays of 
HS radicals were monitored by LIF. He, Ar and N2 
were used as buffer gases. The rate coefficient was 
determined to be independent of He pressure over 
the range 28.5-300 Torr. A rate coefficient of 

k(HS + N02 + He) ::;7 x 10-31 cm6 molecule- 2 S-1 

was also obtained. 
(b) Pulsed laser photolysis of H2S-N02 mixtures. HSO 

radicals were monitored by intracavity laser absorp
tion. 

(c) Discharge flow study, with He as the carrier gas. HS 
radicals were generated by the reaction of H + H2S 
with HzS in excess, and monitored by LIF. 

(d) Discharge flow study, with He as the carrier ~as. HS 
radicals were generated by the F + H2S reactIon and 
monitored by MS. HSO radicals were also monitored 
in some experiments. 

(e) Pulsed laser photolysis of HzS at 193 nm. HS radicals 
were monitored by absorption at 324 nm using a mul
tipass cell. O2 was added to suppress secondary 
chemistry arising from the presence of H atoms. N2 
was used as the buffer gas, and the total pressure 
varied over the range 30-730 Torr. 

(f) Discharge flow study with He as the carrier gas. HS 
radicals were generated by the reactions F + H2S 
and H + C2H4S, and monitored by LMR. 

(g) See Comments on Preferred Values. 
(h) Accepted the value of Wang et al.6 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Black, 19841 

Bulatov, Kozliner, and Sarkisov, 19842 

Friedl, Brune, and Anderson, 19853 

Schoenle, Rahman, and Schindler, 19874 

Stachnik and Molina, 19875 

Wang, Lovejoy, and Howard, 19876 

IUPAC, 19897 

NASA,199011 

Preferred Values 

Comments 

(a) 
(b) 
(c) 
(d) 
(e) 
(t) 

(g) 
(h) 

k = 5.8 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
k = 2.6 X 10- 11 exp(240/T) cm3 molecule- 1 S-1 over 

the temperature range 220-450 K. 

Reliability 
~log k = ± 0.3 at 298 K. 
A(E/R) = ±200 K. 

Comments on Pre/erred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.7 There is considerable scatter in the 
measured rate coefficients, with no obvious correlation 
with the conditions or techniques used. The presence of 
H atoms in the system is known to lead to complicating 
secondary chemistry, and some of the differences may be 
due to this, particularly where HS has been generated by 
photolysis of H 2S. III mure; re;ce;IlL slUl..lie;s/·6 care; has be;e;n 
taken to eliminate or model such effects, but significant 
differences persist. The preferred value at 298 K is the 
mean of the results of Stachnik and Molina5 and Wang 
et al.6 The temperature coefficient is that of Wang et al.6 

and the pre-exponential factor has been adjusted to fit 
the recommended value of k at 298 K. 

The absence of any pressure effect on the rate constant 
at pressures up to 0.96 bar1

,5 indicates that any addition 
channel is unimportant up to these pressures. 
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References 
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2V. P. Bulatov, M. Z. Kozliner, and O. M. Sarkisov, Khim. Fiz. 3,1300 

(1984). 
3R. R. Friedl, W. H. Brune, and J. G. Anderson, J. Phys. Chem. 89,5505 

(1985). 

4G. Schoenle, M. M. Rahman, and R. N. Schindler, Ber. Bunsenges 
Phys. Chem. 91, 66 (1987), revised by R. N. Schindler and Th. Benter, 
Ber. Bunsenges Phys. Chem. 92,558 (1988). 

5R. A. Stachnik and M. J. Molina 91, 4603 (1987). 
6N. S. Wang, E. R. Lovejoy, and C. J. Howard, J. Phys. Chem. 91,5743 

(1987). 
7IUPAC, Supplement III, 1989 (see references in Introduction). 
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HSO + O2 ~ products 

Rate coefficient data 

k tcm3 molecule - 1 S - 1 Temp./K 

Absolute Rate Coefficients 
~ 2.0 x to_ 17 296 

Reviews and Evaluations 
~ 2.0 x 10- 17 298 
<2.0 X 10- 17 298 

Comments 

(a) Discharge flow study with He as the carrier gas. HSO 
radicals were generated by the 0 + CH3SH reaction 
and monitored by LMR. H02 or OlI, which are pos
sible reaction products, were not observed. 

(b) See Comments on Preferred Values. 
(c) Based on the rate coefficient of Lovejoy et al. l 

Preferred Values 

k ~ 2.0 X 10-17 cm3 molecule- 1 S-l at 298 K. 

Reference Comments 

Lovejoy, Willig, and HUWi:1H.l, 19871 (i:1) 

IUP AC, 19892 (b) 

NASA,1990' (c) 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.2 The reaction is slow and only an up
per limit to the rate coefficient is available.· 

References 

lb. K. LoveJOY, W. S. Wang, and C. J. Howard, J. Phys. Chern. 91, 5749 
(1987). 

"2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 

HSO + 0 3 ~ HS + 202 (1) 

Mr(1) = 4 kJ'mol- 1 

/iliO(2) ;;; -94 kJ'mo)-l 
/iliO(3) -360 kJ'mol- 1 

Absolute Rate Coefficients 
1.1 x to- 13 

kl "I X 10- 14 

Relative Rate Coefficients 
1.1 X to- 13 

Reviews and Evaluations 
1.1 X to- 13 

1.0 X to- 13 

~ HO + SO + O2 (2) 

- HS02 + 02 (3) 

Rate coefficient data (k = k1 + k2 + k3) 

Temp'/K Reference Comments 

297 Wang and Howard, 19901 (a) 
zI,n 

298 Friedl, Brune, and Anderson, 19852 (b) 

298 IUPAC, 19893 (c) 
298 NASA,19904 (c) 
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Comments 

( a) Discharge flow study with He as the carrier gas. The 
HS + 03 -+ HSO + 0 3 reaction was studied, with 
the HSO radical subsequently reacting with 0 3• HS, 
HSO and HO radicals were monitored by LMR. The 
rate coefficients k and kl were obtained from model
ing the variation of the HS and HSO concentrations 
with time. 

(b) Discharge flow system with He as the carrier gas. The 
HS + 0 3 reaction was studied, with HS being gener
ated by the H + H2S reaction. HS radicals were mon
itored by LIF. Addition of 0 3 gave an initial decrease 
in the HS concentration, which finally attained a 
steady state indicating regeneration of HS, postu
lated to be by the HSO + 03 reaction. A rate coeffi
cient ratio of k/k(HS + 0 3) = 0.031 ± 0.005 was 
obtained and has been placed on an absolute basis by 
use of k(HS + 0 3 ) ...... 3.7 X 10- 12 em3 moleeule- 1 

S-1 (this eviduation). A rate coefficient k was also ob
tained by modeling the HS profiles, giving k 
(1.1 ± 0.4) X 10- 13 cm3 molecule- t S-1 for the best 
fit. When SD was used, no isotope effect on k was 
observed. The authors suggest that reaction leads to 
HS + 202• 

(c) Based on the study of Friedl et al. 2 

Preferred Values 

k = 1.1 X 10- 13 cm3 molecule-1 S-1 at 298 K. 
kl = 7 X 10- 14 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
alog k = ± 0.3 at 298 K. 
~.Jog kl = ±0.4 at 298 K. 

Comments on Preferred Values 
There are now two identical values of k at 298 K ob

tained by different techniques,I,2 which are accepted as 
our preferred value. The one measured value of kl is also 
accepted, but with fairly large error limits. 

The isotopic studies2 favor the occurrence of channel 
(1) rather than (2), but the evidence is indirect and re
quires confirmation by product studies. 

References 

IN. S. Wang and C. J. Howard, J. Phys. Chern. 94, 8787 (1990). 
2R. R. Friedl. W. H. Brune. and 1. G. Anderson. 1. Phys. Chern. 89.5505 
(1985). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 

HSO + NO -+ products 

Rate coefficient data 

Absolute Rate Coefficients 
2.6 X 10- 14 

::::.; 1.0 X 10- 15 

Reviews and Evaluations 
<1.0 x 10- 15 

'" 1.0 X 10- 15 

Comments 

Temp.1I< 

296 
298 

298 
298 

(a) Pulsed laser photolysis of H2S-N02- NO mixtures. 
HSO radicals were monitored by intracavity laser 
absorption. The total pressure was varied from 10-
100 Torr. 

(b) Discharge flow study with He as the carrier gas. 
HSO radicals were generated by the Oep) + 
CH3SH and HS + N02 reactions and monitored by 
LMR. 

(c) See Comments on Preferred Values. 
(d) Accepted the results of Lovejoy et al.2 

Reference 

Bulatov, Kozliner and Sarkisov, 19851 

Lovejoy, Wang and Howard, 19872 

IUP AC, 19893 

NASA,19904 

Preferred Values 

Comments 

(a) 
(b) 

(c:) 

(d) 

k ~ 1.0 X 10- 15 em3 molecule- l S-l at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUP AC, 1989.3 The only two available measure
ments of the rate coefficient k differ by at least a factor 
of 26. This is unlikely to be due to the higher pressures 
used in the Bulatov et al. l study, but may arise from sec
ondary chemistry in their HSO source, which employed 
relatively large H2S concentrations. Provisionally, the up
per limit to the rate coefficient reported by Lovejoy et al.2 

is preferred. 
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References 

IV. P. Bulatov, M. Z. Kozliner, and O. M. Sarkisov, Khim. Fiz. 4,1353 
(1985). 

2E. R. Lovejoy, W. S. Wang, and C. 1. Howard, 1. Phys. Chern. 91, 5749 
(1987). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 

HSO + N02 ~ products 

Rate coefficient data 

k/cm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
4.1 X 10- 12 298 
(9.6 ± 2.4) x 10- 12 298 

Re";ews and Evaluations 
9.6 X 10- 12 298 
9.6 X 10- 12 298 

Comments 

(a) Pulsed laser photolysis of H2S-N02 mixtures. HSO 
radicals were monitored by intracavity laser absorp
tion. 

(b) Discharge flow study with He as the carrier gas. HSO 
radicals were generated by the Oep) + CH3SH or 
HS + N02 reactions. HSO, HS, HO and H02 radi
cals were monitored by LMR. 

(c) See Comments on Preferred Values. 
(d) Accepts the rate coefficient of Lovejoy et al. 2 

Preferred Values 

k = 9.6 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~log k = ± 0.3 at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.3 The only two measurements of k 

Reference Comments 

Bulatov, Kozliner and Sarkisov, 19841 (a) 
Lovejoy, Wang and Howard, 19872 (b) 

IUP AC, 19893 (c) 
NASA,19904 (d) 

differ by at least a factor of 2. Lovejoy et al.2 have sug
gested that the relatively high H2S concentrations used by 
Bulatovet at. 1 may have led to side reactions regenerating 
HSO. The value of Lovejoy et al.2 is preferred, but wide 
error limits are assigned awaiting confirmatory studies. 

HOz was observed as a product of the reaction by Love
joy et at.,z which they suggest arises from the reaction se
quence 

HSO + NOz ~ HSOz + NO 

HSOz + O2 ~ HOz + SOz. 

References 

IV. P. Bulatov, M. Z. Kozliner, and O. M. Sarkisov, Khim. Fiz. 3, 988 
(1984). 

2E. R. Lovejoy, W. S. Wang, and C. J. Howard, J. Phys. Chern. 91,5749 
(1987). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 

HS02 + O2 ~ products 

Absolute Rate Coefficients 
3.0 x 10- 13 

Reviews and Evaluations 
3.0 X 10- 13 

3.0 X 10- 13 

Temp./K 

296 

298 
298 

Rate coefficient data 

Reference 

Lovejoy, Wang and Howard, 19871 

IUPAC, 19892 

NASA,19903 

Comments 

(a) 

(b) 
(c) 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

( a) Discharge flow study with He as the carrier gas. HSO 
radicals were generated by the Oep) + CH3SH and 
HS + N02 reactions. The HSO + N02 reaction was 
studied, with HSO, H02 and HO radicals being mon
itored by LMR. O2 addition to the system led to an 
increase in the H02 concentration, assumed to be due 

. to the reactions HSO + N02 ~ HS02 + NO and 
HS02 + O2 ~ H02 + S02. The rate coefficient k was 
deduced from the H02 radical time-concentration 
profile. 

(b) See Comments on Preferred Values. 
(c) Based on the rate coefficient of Lovejoy et al. 1 

Preferred Values 

k = 3.0 X 10-13 cm3 molecule- 1 S-1 at 298 K. 

A/f" = - 52.6 kJ'mul- 1 

Reliability 
Alog k = ± 0.8 at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.2 The indirect nature of the sole mea
surement of the rate coefficient k leads us to suggest 
substantial error limits, despite the high quality of the ex
perimental work. 

References 

IE. R. Lovejoy, W. S. Wang, and C. J. Howard, J. Phys. Chern. 91,5749 
(1987). 

2IUPAC, Supp1t:mclll III, 1989 (sec references in IntrOlJuction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 

Rate coefficient data 

k/cm3 molecule- I S-I 

Absolute Rate Coefficients 
(1.07 ± 0.16) x 10- 16 

2.4 X 10- 13 exp[ -(2370~~~:)lT] 
8.4 x 10-17 

1.00 X 10- 13 exp[ -(2180 ± 117)/T] 
4.9 x 10- 17 

Reviews and Evaluations 
1.4 x 10- 13 exp( -2275/T) 
2.6 x 10- 13 exp( -2400/T) 

Comments 

Temp.iK 

298 
230-420 
298 
262-363 
298 

230-420 
200-300 

(a) Laser photolysis of S02 at 193 nm, with SO radicals 
being detected by chemiluminescence from the SO + 
0 3 reaction. Pseudo-first-order decay of SO moni
tur~d in the presence of excess O2• Total pressure = 
100-500 Torr of O2 + He. 

(b) SO produced from the 0 + OCS reaction in a flow 
system. Controlled admission of SO radicals to a 
static volume where the pseudo-first-order decay of 
SO in excess O2 was followed by SO + 0 3 chemilu
minescence. Total pressure = 1-200 mTorr 02. 

(c) See Comments on Preferred Values. 
(d) Based on the work of Black et al. 1,2 

Preferred Values 

k = 6.7 X 10- 17 cm3 molecule- l S-1 at 298 K. 
k = 1.4 X 10- 13 exp( - 2280/T) over the temperature 

range 230-420 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Black, Sharpless and Sianger, 19821 

Black, Sharpless and Sianger, 19822 

Goede and Schurath, 19833 

CODATA, 19844; IUPAC, 19895 

NASA, 19906 

Reliability 
Alog k = ±O.l5 at 298 K. 
A(E/R) = ±500 K. 

Comments on Preferred Values 

Comments 

(a) 
(a) 

(b) 

(c) 
(d) 

This data sheet is reproduced from our previous evalu
ation, CODATA, 1984.3 This reaction is very slow and 
measurement of the rate coefficient k is subject to error 
due to impurities. For this reason, Black et al.1,2 favor 
their lower value of k at 298 K obtained in the tempera
ture dependence study.2 The Goede and Schurath3 values 
are systematically about 35% lower than those from 
Ref. 2, but appear to have less experimental uncertainty 
at temperatures < 300 K. The preferred value for the rate 
coefficient k at 298 K and for the temperature depen
dence are the mean values from Ref. 2 and 3. The A -fac
tor has been adjusted to give the preferred 298 K rate 
coefficient. 
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Rate coefficient data 

k/crn3 molecule- 1 S-1 

Ab~-ulule Rule Cuefftdertl:i 

(1.06 ± 0.16) X 10- 13 

4.8 X 10- 12 exp[ -(1170~~~()/T] 
9.46 X 10- 14 

Reviews and Evaluations 
4.5 X 10- 12 exp( -1l70/T) 
3.6 X 10- 12 exp( -llOO/T) 

Comments 

Temp.IK 

298 
230-420 
298 

230-420 
200-300 

(a) Laser flash photolysis of SOZ-OJ mixtures at 193 nm 
with S02 being monitored by chemiluminescence 
from the SO + 0 3 reaction. Excess 0 3 was deter
mined by UV absorption. The total pressure = 200 
Torr of He. 

(b) See Comments on Preferred Values. 
(c) Based on the studies of Black et aZ./'z Halstead and 

Thrush6 and Robertshaw and Smith.7 

Preferred Values 

k = 8.9 X 10- 14 cm3 molecule- I 
S-I at 298 K. 

k = 4.5 X 10- 12 exp( -1170IT) cm3 molecule- I 
S-1 

over the temperature range 230-420 K. 

Reliability 
Lllog k = ±0.10 at 298 K. 
/1(E/R) = ± 150 K. 

!lifO = -245 kJ'mol- 1 

Reference 

Black, Sharpless and Slanger, 19821 

Black, Sharpless, and Sianger, 19822 

CODATA, 19843
; IUPAC, 19894 

NASA,19905 

Comments on Preferred Values 

Comments 

(a) 
(a) 

(b) 
(c) 

This data sheet is reproduced from our previous evalu
ation, CODATA, 1984.3 The data of Black et al. 1,z are in 
good agreement with earlier work.6

,7 The preferred 298 K 
rate coefficient is the mean of the measurements from 
Refs. 1,2,6 and 7. The temperature dependence of Black 
et aZ.z is accepted since this study covered a much larger 
temperature range than the earlier work,6 which never
theless gave a value of E /R within the experimental error 
of the later study.z 

References 

IG. Black, R. L. Sharpless, and T. G. Sianger, Chern. Phys. Lett. 90, 55 
(1982). , 

2G. Black, R. L. Sharpless, and T. G. Slanger, Chern. Phys. Lett. 93,598 
(1982). 

3CODATA, Supplement II, 1984 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6C. J. Halstead and B. A. Thrush, Proc. R. Soc. London Ser. A, 295, 380 

(1966). 
'J. S. Robertshaw and I. W. M. Smith, Int. J. Chern. Kinet. 12, 729 

(1980). 

Rate coefficient data 

Absolute Rate Coefficients 
(1.37 ± 0.07) x 10- 11 

(1.37 ± 0.07) x 10- 11 

Reviews and Evaluations 
1.4 x 10- J1 

1.4 X 10- 11 

Temp.IK 

210-363 
298 

210-360 
200-300 

Reference 

Brunning and Stief, 19861 

IUPAC, 19892 

NASA,19903 

Comments 

(a) 

(b) 
(c) 
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Comments 

(a) Discharge flow study. with He as the carrier gas. SO 
radicals were generated by discharge in a He-S02 
mixture and quantified by titration with N02. SO con
centrations were monitored by quadrapole MS under 
pseudo-first -order conditions. 

(b) See Comments on Preferred Values. 
( c) Based on the studies of Black et al.,4 Clyne and co

workers5
•
6 and Brunning and Stief. 1 

Preferred Values 

k = 1.4 X 10-11 cm3 molecule- 1 S-I, independent of 
temperature over the range 210-360 K. 

Reliability 
alog k = ±0.1 at 298 K. 
A(F./R) = ± 100 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.2 The measurements of Brunning 
and Stiefl are the only available temperature dependence 
study of the rate coefficient, and indicate no measurable 
change in the rate coefficient k over the temperature 
range 210-363 K. This finding is the basis for our present 
recommendation for the temperature coefficient. All of 
the studies1.4-6 are in good agreement with respect to the 
298 K rate coefficient. 

References 

IJ. Brunning and L. J. Stief, J. Chern. Phys. 84, 4371 (1986). 
2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4G. Black, R. L. Shnrpless, nnd T. G. Slanger, Chern. Phys. Lett. 90, SS 

(1982). 
sM. A. A. Clyne, C. J. Halstead, and B. A. Thrush, Proc. Roy. Soc. Lon· 

don, Ser. A 295, 355 (1966). 
6M. A. A. Clyne and A. J. MacRobert, Int. J. Chem, Kinet. 12, 79 

(1980). 

Rate coefficient data 

k/crn3 rnolecule- I S-I 

Absolute Rate Coefficients 
9 x 10- 13 

:s. (5.7 ± 0.9) x 10- 15 

Reviews and Evaluations 
No recommendation 
<6.0 x 10- 15 

Comments 

Temp./K 

300 
298 

298 

(a) Fast flow system. The reactant concentrations were 
monitored by MS in the presence of an excess con
centration of H20. 

(b) Flow system with He and N2 as carrier gases and H20 
in large excess over S03. S03 was monitored by the 
photo-dissociation of 503 at 147 nm and detection of 
S02 fluorescence at 300-390 nm. A halocarbon wall 
coating of the flow tube was used. 

(c) The data of Castleman et al.1 were considered sus
pect due to the possibility of wall reactions. 

(d) Accepted the upper limit of Wang et a/.2 

Preferred Values 

k < 6 X 10- 15 cm3 molecule- 1 S-1 at 298 K. 

Comments on Preferred Values 
This reaction was first considered in our previous eval

uation, CODATA, 1980.3 No recommendation was made 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Castleman et al., 19741 

Wang et al., 19892 

CODATA, 198W; IUPAC, 19894 
NASA,199OS 

Comments 

(a) 
(b) 

(c) 
(d) 

as the only available data at that time, those of Castleman 
et al., 1 were suspect due to the likely interference of wall 
reactions in their work. The recent study of Wang et al.2 

has now confirmt;u that suspicion. Wang et al.2 obtained 
an upper limit to the rate coefficient which is more than 
two orders of magnitude lower than the value of Castle
man et 01.,1 by treatment of the flow tube walls to reduce 
wall effects. The upper limit to the rate coefficient of 
Wang et al.2 is accepted as our preferred value. 

References 

IA. W. Castleman, Jr., R. E. Davis, H. R. Munkelwitz, I. N. Tang, and 
W. P. Wood, Int. J. Chern. Kinet. Symp. 1,629 (1975). 

2X. Wang, Y. G. Yin, M. Suto, and L. C. Lee, J. Chern. Phys. 89, 4853 
(1989). 

3CODATA, 1980 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
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CS + O2 ~ CO + SO (1) 

~ OCS + 0 (2) 

\/fO(l) = -378 kJ'mol- 1 

.\/fO(l) = -165 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 ) 

J.. /ern3 molecule -1 s - 1 

I bsolute Rate Coefficients 
< 3 x 1O- 1H 

< 8 X 1O- 1H 

k2 = (4.5 ± 1.7) x 10- 19 

k2 = (5.9 ± 1.3) x 10- 111 

(2.9 ± 0.4) x 10- 19 

/lranching Ratios 
kz/kl = 1.2 
kz/kl = 1.2 

Reviews and Evaluations 
No recommendation 
2.9 x 10-19 

Comments 

Temp./K 

298 
300-670 
293 
495 
298 

298 
341-415 

298 

(a) Flash photolysis of CSz-02 mixtures, with CS radicals 
being monitored by light absorption. 

(b) Discharge flow system used. CS radicals were pro
duced by discharge through a Ar-CS2 mixture and 
monitored by light absorption. 

(c) Discharge flow system used. CS radicals were pro
duced by a discharge through CS2. CS, S02, CO and 
OCS were measured by MS. A very slow linear flow 
rate (= 100 cm S-I) was necessary to observe reac
tion. S02, a product formed via channel (1), was at 
least one order of magnitude lower in concentration 
than CO and OCS. 

(d) CS radical!'; were produced hy pul!';ed la!';er photolysis 
of CS2 in He bath gas (24 Torr), and were monitored 
by LIF at 257.7 nm. 

(e) Photolysis of CS2-02 mixtures, with analysis of CO, 
DeS, S02 and S20 products by GC. Light of wave
length 313 nm was used in Ref. 5, which has insuffi
cient energy to dissociate the CS2, but CS was 
postulated to have been formed by reaction of elec
tronically excited CS2 with O2. In the later study,6 
A = 213.9 nm was used which can photodissociate 
CS2• 

(f) Explosion limits of CS2-02 mixtures were determined 
by GC. The [CO]l[OCS] ratio was relatively unaf
fected by pressure and temperature changes, and the 
value of 0.84 found for this ratio is the same as that 
observed in photochemical studies.4

•
5 The explosion 

limits were modeled on the basis of an assumed 
mechanism of eight reactions, and a computer fit to 
the data yielded the value for k-jk l • 

(g) Accepted the rate coefficient of Black et al.4 

Reference 

Callear and Dickson, 1971 1 

Breckenridge, Kolin, and Moore, 19752 

Richardson, 19753 

Black, Jusinski, and Sianger, 19834 

Wood and Heicklcn, 19715
, 19731746 

Wood and Heicklen, 197C 

CODATA, 1980H
; IUPAC, 19899 

NASA,1990111 

Preferred Values 

Comments 

(a) 
(b) 
(c) 

(d) 

(e) 
(f) 

(g) 

k = 2.9 X 10- 19 cm3 molecule- 1 S-I at 298 K. 

Reliability 
dlog k = ± 0.6 at 298 K. 

. Comments on Preferred Values 
This data sheet is reproduced largely from our previous 

evaluation, CODATA, 1980,8 with the addition of the 
more recent work of Black et al.4 The reaction of CS with 
O2 is slow at 298 K and difficult to study. The technique 
used by Black et al.4 seems the most suitable for avoiding 
the difficulties associated with the slowness of the reac
tion, and their rate coefficient at 298 K is preferred. 

The relative importance of the two possible reaction 
channels is in dispute. Evidence from the photochemical 
and explosion limit studies5-7 indicate a comparable im
portance of channels (1) and (2) but in the more direct 
flow system studt kl was found to be at least an order of 
magnitude less than k2• However, the value of k2 obtained 
in the fast flow stud/ appears to be unacceplably high. 
We make no recommendation for the branching ratio. 

The one available measurement of k at higher temper
atures,3 when combined with the 298 K values, leads to an 
Arrhenius expression with an extremely low pre-expo
nential factor. No recommendation is hence made for the 
temperature dependence. 

References 

lReported in G. Hancock and I. W. M. Smith, Trans. Faraday Soc. 67, 
2586 (1971). 

2W. H. Breckenridge, W. S. Kolin, and D. S. Moore, Chern. Phys. Leu. 
32, 290 (1975). 

3R. J. Richardson, J. Phys. Chern. 79, 1153 (1975). 
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4G. Black, L. E. Jusinski, and T. G. Sianger, Chern. Phys. Lett. 102,64 
(1983). 

sW. P. Wood, and J. Heicklen, J. Phys. Chern. 75, 854 (1971). 
6W. P. Wood, and J. Heicklen, J. Photochem. 2, 173 (1973174). 

7W. P. Wood, and J. Heicklen, J. Phys. Chern. 75,861 (1971). 
KCODATA, 1980 (see references in Introduction). 
'JIUPAC, Supplement III, 1989 (see references in Introduction). 
1I1NASA Evaluation No.9, 1990 (see references in Introduction). 

CS + 0 3 ~ OCS + O2 

AIr = - 556.7 kJ'rnol- 1 

Rate coefficient data 

k/crn3 rnolecule- 1 S-1 

Absolute Rate Coefficients 
(3.0 ± 0.4) x 10- 16 

Reviews and Evaluations 
3.0 X 10- 16 

Comments 

Temp./K 

298 

298 

(a) CS radicals were produced by pulsed laser photolysis 
of CS.l at 193 nm, with He as the buffer gas at a total 
pressure of 50-300 Torr. CS radicals were monitored 
by LIF at 257.7 nm. 

(b) Accepted the rate coefficient of Black et al. 1 

Preferred Values 

k = 3.0 X 10-16 cm3 molecule- l S-1 at 298 K. 

Reliability 
~log k = ± 0.5 at 298 K. 

Reference Comments 

Black, Jusinski, and Slanger, 19832 (a) 

NASA,19902 (b) 

Comments on Preferred Values 
The only available measurement of the rate coefficient 

k is that of Black et al.1 Their value is accepted with sub
stantial error limits. 

References 

IG. Black, L. E. Jusinski, and T. G. Slanger, Chern. Phys. Lett. 102,64 
(1983). 

2NASA Evaluation No.9, 1990 (see references in Introduction). 

CS + N02 ~ OCS + NO 

AIr = - 357 kJ'mol- 1 

Rate coefficient data 

k/crn3 rnolecule- 1 S-1 

Absolute Rate Coefficients 
(7.6 ± 1.1) x to- 17 

Reviews and Evaluations 
7.6 x 10- 17 

Ternp./K 

298 

298 

Comments 

(a) CS radicals were produced by pulsed laser photolysis 
of CS2 at 193 nm and monitored by LIF at 257.7 nm. 
He (24 Torr total pressure) was used as the buffer 
gas. 

(b) Accepted the rate coefficient of Black et al.1 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Black, Jusinski, and Sianger, 19831 (a) 

NASA, 19902 (b) 

Preferred Values 

k = 7.6 X 10- 17 cm3 molecule- l S-1 at 298 K. 

Reliability 
~log k = ± 0.5 at 298 K. 
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( 'omments on Preferred Values 
The only available measurement of k is that of Black 

f'f al. l Their value is accepted, but with substantial error 
I lin its. 

References 

IG. Black, L. E.Jusinski, and T. G. Slanger, Chern. Phys. Lett. 102,64 
(1983). 

2NASA Evaluation No.9, 1990 (see references in Introduction). 

CH3S + O2 -?> products 

Rate coefficient data 

"fern3 molecule -1 S-1 Temp./K 

·ll>solute Rate Coefficients 
<2 x to- 17 298 
<1 x to- 16 298 
<2.5 x to- 18 298 

He/ative Rate Coefficients 
2 x to- 14 298 
2.8 x 10- 17 298 
>2.3 x to- 16 296 

Reviews and Evaluations 
<3.0 x 10- 18 298 

Comments 

(a) CH3S radicals were produced by pulsed laser photol
ysis of (CH3S)2 at 266 nm in a flowing system, and 
monitored by LIF at 371.7 nm. 

(b) CH3S radicals were generated by pulsed laser photol
ysis of (CH3S)2 at 248 nm and CH3SH at 193 nm in a 
flowing system. CH3S radicals were monitored by LIF 
at 371.3 nm and 377.0 nm. 

(c) CH3S radicals were generated by pulsed laser photol
ysis of (CH3S)2 at 248 nm in a flowing system, and 
monitored at 371.4 and 377.0 nm. The decay of CHJS 
in N2 was compared with the decay in O2 in back-to
back experiments over the pressure range 38-300 
Torr to obtain the cited upper limit to the rate coef
ficient k. 

(d) Photolysis of (CH3S)z-RONO-NO-air mixtures. The 
products were analyzed by FfIR and GC-MS and 
the yields of S02 and CH3SNO measured. From an 
assumed mechanism, the rate coefficient ratio 
k(CH3S + NO)/k = 2 x 103 was derived. A rate co
efficient of k(CH3S + NO) = 4 X ]0- 11 cm3 

molecule- 1 S-1 (this evaluation) was used to obtain 
the rate coefficient given in the table. 

( e) Environmental chamber study using the oxidation of 
organo-sulphur compounds in air by natural sunlight. 
Major products were S02, CH3S03H and HCHO. 
Production of S02 and sulphur were related to an 
unidentified compound (assumed to be CH3SN02) 

Reference Comments 

Balla, Nelson, and McDonald, 19861 (a) 
Black and Jusinski, 19862 (b) 
Tyndall and Ravishankara. 19893 (c) 

Hatakeyama and Akimoto, 19834 (d) 
Grosjean, 19845 (e) 
Balla and HcickJen, 19856 (f) 

NASA,19907 (g) 

formed from CH3S + N02. A rate coefficient ratio of 
k(CH3S + N02)/k = 2 x 106 was derived, and 
placed on an absolute basis by use of k (CH3S + 
N02) = 5.6 x 10- 11 cm3 molecule- 1 S-1 (this evalua
tion). 

(f) From the photolysis of (CH.S),-OrN, mixtures at 
253.7 nm, with product analysis by GC and MS. The 
S02 yield was measured as a function of [(CH;3S)2], 
[02] and light intensity. From an assumed mecha
nism, a value of k2/2k(CH3S + CH3S) > 6 x 10-22 

cm3 molecule -I s -1 was derived. A rate coefficient of 
k(CH3S + CH3S) = 4.1 x 10-1l cm3 molecule- 1 S-1 

(from Graham et al.8) was used to obtain the rate co 
efficient given in the table. 

(g) Based on the data of Tyndall and Ravishankara.3 

Preferred Values 

k < 2.5 X 10- 18 cm3 molecule- 1 S-1 at 298 K. 

Comments on Preferred Values 
All of the direct studies lead to an upper limit to the 

rate coefficient which inc1ieMe~ th::lt the reaction between 
CH3S and O2 is extremely slow. The lowest value, due to 
Tyndall and Ravishankara,3 was obtained using carefully 
controlled conditions and is taken as the preferred value. 
The relative rate coefficient values were based on as
sumed mechanisms in complex reaction systems and can
not be considered reliable. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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References 

lR. J. Balla, H. H. Nelson, and J. R. McDonald, J. Chern. Phys. 109, 101 
(1986). 

20. Black and L. E. Jusinski, J. Chern. Soc. Faraday Trans. 2, 86,2143 
(1986). 

30. S. Tyndall and A. R. Ravishankara, J. Phys. Chern. 93,2426 (1989). 

4S. Hatakeyarna and H. Akimoto, J. Phys. Chern. 87, 2387 (1983). 
sD. Grosjean, Environ. Sci. Technol. 18,460 (1984). 
6R. J. Balla and J. Heicklen, J. Photochern. 29, 297 (1985). 
7NASA Evaluation No.9, 1990 (see references in Introduction). 
RD. M. Graham, R. L. Mieville, R. H. Pallen, and C. Sivertz, Can. J. 
Chern. 42, 2250 (1964). 

Rate coefficient data 

Absolute Rate Coefficients 
<8 x 10- 14 

(4.1 ± 2.0) x 10-12 

Reviews and Evaluations 
4.1 x 10-12 

Comments 

Temp./K 

298 
298 

298 

(a) CH3S radicals were generated by pulsed laser photol
ysis of CH3SH at 193 nm and monitored by LIF at 
371.3 nm and 377.0 nm in a flowing system. 

(b) Pulsed laser photolysis of CH3SH-H20-03 mixtures 
at 248 nm. The photodissociation of 0 3 produced 
OeD) which generated CH3S by the reaction se
quence OeD) + H20 ~ 2 OH and OH + CH3SH 
~ CH3S + H20. CH3S radicals were monitored by 
LIF at 371.4 nm. Non-exponential decays of CH3S 
were found to be due to CH3S regeneration, postu
lated to be from the reactions CH3S + 0 3 ~ 
CH3SO + O2 and CH3S0 + 0 3 ~ CH3S + 202 

(with the detailed mechanism of the last of these re
actions being uncertain.) 

(c) Accepted the rate coefficient of Tyndall and Ravis
hankara.2 

Preferred Values 

k = 4.1 X 10-12 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~log k = ± 0.5 at 298 K. 

Comments on Preferred Values 
There are two measurements of the rate coefficient k 

using basically the same technique, but yielding very dif-

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Black and J usinski, 19861 

Tyndall and Ravishankara, 19892 

NASA, 199()l 

Comments 

(a) 
(b) 

(c) 

ferent values for k. Tyndall and Ravishankara2 have 
shown that complications can arise in the rate coefficient 
measurements due to the regeneration of CH3S from the 
reaction of 0 3 with one of the products of the initial step 
(CH3S + 0 3) in the reaction. They postulate2 that 
CH3SO is the product which is able to react in this way 
with 0 3, but it is unlikely that this reaction occurs in a 
single step to give CH3S since CH3S0 + 0 3 ~ CH3S + 
202 is thought to be substantially endothermic. This as
pect of the reaction requires further study. 

Under the conditions used by Black and Jusinskj,1 the 
initial, and rapid, reaction of 0 3 with CH3S would be 
masked by the regeneration of CH3S hence leading to an 
erroneously low value for the rate-coefficient of CH3S re
moval. Tyndall and Ravishankara2 used a different CH3S 
source from Black and JusinskP and as a result were able 
to work under conditions in which the initial decay of 
CH3S radicals could be observed. Their rate coefficient 
value 1 is accepted as our preferred value, but with sub
stautial t;nor limits. 

References 

lG. Black and L. E. Jusinski, J. Chern. Soc. Faraday Trans. 2, 82" 2143 
(1986). 

20. S. Tyndall and A. R. Ravishankara, J. Phys. Chern. 93, 4707 (1989). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
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Low-pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 
(3.24 ± 0.36) x 10-29 [N2] 

(1.43 ± 0.36) x 10- 29 [N2] 

(1.13 :t 0.20) x 10-29 [N21 
(5.84 :t 0.66) x 10-30 [N2] 

Comments 

Temp./K 

295 
351 
397 
453 

(a) Pulsed laser photolysis of (CH3S)rNO-Nz (or SF6) 

mixtures at 266 nm, with CH3S being monitored by 
LIF. Lower part of the falloff curves were measured 
over the pressure range 1.5-300 Torr of Nz• Falloff 
extrapolations were carried out with fitted values of 
Fe of 0.6, 0.86, 0.77, and 0.94 at 295, 351, 397, and 
453 K, respectively. 

Preferred Values 

ko = 3.2 X 10-29(T/298)-4 [N2] cm3 molecule- 1 S-1 

over the temperature range 250-450 K. 

Reference 

Balla, Nelson, and McDonald, 19861 

Reliability 
~log ko ..... ±. 0.3 at 298 K. 
iln = ±2. 

Comments on Preferred Values 

Comments 

(a) 

Although the falloff extrapolations were made with a 
theoretically improbable temperature coefficient of Fe, 
the low-pressure rate coefficients are much less influ
enced by this extrapolation than are the high-pressure 
rate coefficients. 

High-pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 
1.81 x 10- 12 exp(900/T) 

Comments 

Temp./K 

295-453 

(a) See comment (a) for ko• High-pressure limit was ob
tained from measurements at 200 and 300 Torr of 
SF6• 

Preferred Values 

krz> = 4 X 10-11 cm3 molecule- 1 S-1 over the tempera
ture range 250-450 K. 

Reliability 
.!llog krz> 

450K. 
± 0.5 over the temperature range 250-

Reference Comments 

Balla, Nelson, and McDonald, 19861 (a) 

Comments on Preferred Values 
The ncgativc temperature coefficient of krz> repurt~ll in 

Ref. 1 is most probably due to an increasing underesti
mate of the falloff corrections with increasing tempera
ture. We recommend the use of the extrapolated km value 
at 298 K over large temperature ranges together with 
Fe = exp( - T/580). 

Reference 

lR. J. Balla, H. H. Nelson, and J. R. McDonald, Chern. Phys. 109, 101 
(1986) . 

"'J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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~fr = -134 kJ'mol- 1 

Rate coefficient data 

k/cm3 molecule- 1 S-1 Temp.IK 

Absolute Rate Coefficients 
8.3 x 10- 11 exp[(80 ± 60)/T] 295-511 
9.8 x 10- 11 295 
(6.10 ± 0.90) X 10- 11 298 
5.1 x 10- 11 298 

Reviews and Evaluations 
5.6 X 10- 11 298 

Comments 

(a) CH3S radicals were produced by pulsed laser photol
ysis of (CH3S)2 at 266 nm and monitored by LIF at 
371.3 nm in a flowing system. The total pressure 
(buffer gas N2 or SF6) was varied from 1 Torr to 200 
Torr. 

(b) CH3S radicals were generated by pulsed laser photol
ysis of (CH3S)2 at 248 nm and monitored at 371.4 nm 
and 377.0 nm in a flowing system. The total pressure 
(He, N2 bath gases) was varied over the range 34-140 
Torr. The presence of O2 was found to decrease the 
apparent rate coefficient. The yield of NO from reac
tion was measured to be 0.8 ± 0.2. 

(c) Discharge flow system with He as the carrier gas. 
Various sources of CH3S were used [OCP) + 
(CH3S)2, (CH3S)2 + h v, and Cl + CH3SH]. Lyman-a 
photoionization MS detection of CH3S and CH3SO 
was employed. 

(d) Based on the results of Tyndall and Ravishankara2 

and Domine et al.3 

Preferred Values 

k = 5.6 X 10- 11 cm3 molecule- l S-1 at 298 K. 

Rldiahility 

.6.10g k = ± 0.2 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Balla, Nelson, and McDonald, 19861 (a) 

Tyndall and Ravishankara, 19892 (b) 
Domine, Murrells, and Howard, 19903 (c) 

NASA,19904 (d) 

Comments on Preferred Values 
The two most recent measurements2,3 of the rate coef

ficient at 298 K using different techniques are in good 
agreement. The earlier measurements by Balla et a/. l 

gives a value approximately a factor of two higher. It has 
been suggested2 that this could be due to secondary 
chembtry arisillg frum the higher radical concentrations 
used by Balla et al. J The preferred value at 298 K is there
fore taken as the mean of the results of Domine et al.3 

and Tyndall and Ravishankara.2 No recommendation is 
made for the temperature dependence at this stage; fur
ther studies are required. 

An alternative addition channel to give CH3SN02 is 
possible, but there is no evidence for its occurrence up to 
a total pressure of 260 mbar. Both of the studies1

•
2 in 

which the pressure was varied have reported no apprecia
ble effect of pressure on the measured rate coefficient, 
and product studies2,s are consistent with the reaction oc
curring predominantly by formation of NO and CH3SO. 
Other reaction channels are likely to be very minor. 

References 

JR. J. Balla, H. H. Nelson, and J. R. McDonald, Chern. Phys. 109, 101 
(1986). 

2G. S. Tyndall and A. R. Ravishankara, J. Phys. Chern. 93, 2426 (1989). 
3p. Domine, T. P. Murrells, and C. J. Howard, J. Phys. Chern. 94, 5839 

(1990) . 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
51. Barnes, V. Bastian, K. H. Becker, and H. Niki,Chem. Phys. Lett. 

140,451 (1987). 
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CHaSO + Oa ~ products 

Rate coefficient data 

k fcm3 molecule -1 S-1 

Absolute Rate Coefficients 
1 x 10- 12 

Reviews and Evaluations 
1 x 10- 12 

Comments 

Temp./K 

298 

298 

(a) Study of the CH3S + 0 3 reaction by pulsed laser 
photolysis of CH3SH-H20-03 mixtures. CH3S radi
cals were monitored by LIF at 371.4 nm. CH3S0 rad
icals were produced by CH3S + 0 3 ~ CH3SO + O2, 
and the reaction of CH)SO with 0 3 yielded CH)S 
radicals through an uncertain mechanism. Modeling 
of the CH3S time-concentration profile gave the rate 
coefficient k. 

(b) Accepted the rate coefficient of Tyndall and Ravis
hankara.1 

Preferred Values 

k = 1 X 10-12 cm3 molecule- 1 S-1 at 298 K. 

Reference Comments 

Tyndall and Ravishankara, 19891 (a) 

NASA,19902 (b) 

Reliability 
.:llog k = ±0.7 at 298 K. 

Comments on Preferred Values 
The only available value for this rate coefficient was 

obtained from the analysis of secondary reactions in a 
complex system.! This value! is accepted, but because of 
the indirect nature of the measurement very substantial 
error limits are recommended. 

References 

IG. S. Tyndall and A. R. Ravishankara, J. Phys. Chern. 93, 4707 (1989). 
2NASA Evaluation No.9, 1990 (see references in Introduction). 

Rate coefficient data 

Absolute Rate Coefficients 
(3 ± 2) x 10- 11 

(8 ± 5) x 10- 12 

(1.2 ± 0.25) x 10- 11 

Reviews and Evaluations 
1.2 x 10- 11 

Comments 

Temp./K 

298 
298 
298 

298 

(a) Discharge flow study of the Cl + CHJSH reaction in 
the presence of NOz• CI atoms were generated by a 
discharge in Ch-He mixtures. CI atoms were moni
tored by EPR, other species (CH3SH, NO, S02, 
CH3SO) by MS. The NO, CH3SH and NO time-con
centration profiles were modeled using an assumed 
reaction mechanism, and the rate coefficient k 
derived from a best fit. 

(b) A study of CH3S + N02 reaction by pulsed laser 
photolysis of (CH3S)2-N02-He-N2 mixtures at 248 
nm. CH3S, OH and NO were monitored by LIF. NO 
was produced from the reaction of N02 with CH3SO. 
The NO time-concentration was modeled to give the 
rate coefficient k. Yield of NO from reaction = 

Reference 

Mcllouki, Jourdain, and Le Bras, 19881 

Tyndall and Ravishankara, 19892 

Domine, MlIrrells and Howard, 19903 

NASA,19904 

0.8 ± 0.2. 

Comments 

(a) 
(b) 
(c) 

(d) 

(c) Discharge flow study with He as the carrier gas. 
CHJSO radicals were produced by the reaction 
Oep) + (CH)S)2 ~ CH3S + CH3SO. CH3S and 
CH3SO radicals were monitored by Lyman-a pho
toionization MS. Some work was carried out using 
the Oep) + CH3SSCzH5 reaction as a source of 
CH3SO radicals. 

(d) Accepted the rate coefficient of Domine et a/.3 

Preferred Values 

k = 1.2 X 10- 11 cm3 molecule-! S-1 at 298 K. 

Reliability 
.:lIog k = ± 0.5 at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments on Preferred Values 
The measured rate coefficientsl

-
3 at 298 K agree within 

their error limits (some of which are substantial). The 
preferred value is that of Domine et al.,3 which lies be
tween the other two values,I,2 both of which have much 
larger error limits. This rate coefficient is difficult to mea
sure because of the lack of a clean primary source of 
CH3SO radicals and the complexity of the secondary 
chemistry; substantial error limits are suggested. 

References 

lA. Mellouki, J. L. Jourdain, and G. Le Bras, Chern. Phys. Lett. 148, 231 
(1988). 

2G. S. Tyndall and A. R. Ravishankara, J. Phys. Chern. 93, 2426 (1989). 
3F. Domine, T. P. Murrells, and C. J. Howard, J. Phys. Chern. 94, 5839 
(1990). 

4NASA Evaluation No.9, 1990 (see references in Introduction). 

0 3 + CH3SCH3 ~ products 

Absolute Ralll Coefficients 
<8.3 X 10- 19 

Reviews and Evaluations 
<:" 1 )(' 10-18 

Comments 

Temp./K 

296 

298 

(a) Static system with MS detection of 0 3• 

(b) See Comments on Preferred Values. 

Preferred Values 

k < 1 X 10- 18 cm3 molecule- 1 S-1 at 298 K. 

Comments on Preferred Values 

Rate coefficient data 

Reference Comments 

Martinez and Herron, 19781 (a) 

IUPAC, 19892 (b) 

ation, IUPAC, 19892• The preferred value is based upon 
the sale study of Martinez and Herron.1 

References 

lR. I. Martinez and J. T. Herron, Int. J. Chern. Kinet. 10,433 (1978). 
2IUPAC, Supplement III, 1989 (see references in Introduction). 

This data sheet is reproduced from our previous evalu-

Reactions 

OCS + hv ~ CO + SCP) (1) 
~ CO + SeD) (2) 

Wavelength range/nm 

200-270 
185-300 
196-257 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

OCS + h v ~ products 

Primary photochemical processes 

308 
419 

Absorption cross-section data 

Reference 

Rudolf and Inn, 19811 

Molina, Lamb, and Molina, 19812 

Locker et al., 19833 

388 
286 

Comments 

(a) 
(b) 
(e) 
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Quantum yield data (cP = cP1 + cP2) 

Measurement Wavelength range/nm 

.t. = 0.72 ± 0.08 214-253.7 

Comments 

(a) At a spectral resolution of 0.01 nm at temperatures 
of 297 K and 195 K. A value of O"max = 3.13 X 10- 19 

cm2 was determined at 223.5 nm and 297 K. With a 
decrease in temperature from 297 to 195 K, 0" in
creased by -5% at A < 226 nm but at A > 226 nm 
0" decreased with a decrease of temperature. The 
2':J7 K data were tabulated. A residual absorption at 
A < 2S0 nm with (J' = 2 X 10-22 cm2 was also re
ported, extending to at least 300 nm. These results 
were first reported in Turco ct aZ.4 

(b) At a spectral resolution of 0.2 nm, at temperatures of 
295 and 225 K. Data were given in figures and tables 
showing values averaged over 1 nm and averaged 
over wavelength intervals generally used in strato
spheric photodissociation calculations. A value of 
O"max = 3.27 X 10- 19 cm2 was determined at 223 nm. 
The observed temperature effects were similar to 
those reported in Ref. 1 and earlier work. The cross
sections at A < 2S0 nm are significantly lower than 
those proposed by Rudolf and Inn.l 

(c) 0" measured at six temperatures (195, 273.2, 30S.S, 
335.2, 365.2, and 403.6 K). The COS was carefully 
purified, and sample pressures 2-100 Torr were em
ployed, with a 50 cm path length with data points be
ing obtained at 0.5 nm intervals. The results were 
presented in graphical form. 

(d) Quantum yields for CO formation were determined 
using resonance fluorescence detection of CO in the 
fourth positive system of CO centered at 172.9 nm. 
Light sources were a deuterium lamp (220,225.8, and 
230 nm), Zn lamp (214 nm) and Hg lamp (253.7 nm) 
with appropriate filter systems. Temperature = 
297 K. 4> was independent of A over this range. The 
quantum yield value was based on the assumption 
that all of the S atoms produced CP and ID) reacted 
with OCS to produce CO, for which earlier work5•6 

provided support. 

Reference 

Rudolf and Inn, 19811 

Preferred Values 

1021 0/cm2 

>'/nm 295 K 225 K 

300 0.0009 
295 0.0023 0.0013 
290 0.0077 0.0035 
285 0.0218 0.0084 
21)U U.U543 0.0206 
275 0.1504 0.0607 
270 0.376 0.156 
265 0.960 0.423 
260 L)2 1.16 
255 6.64 3.46 
250 16.5 9.79 
245 38.2 25.1 
240 81.3 :59.3 
235 153.6 123.7 
230 243.8 211.8 
225 310.4 283.0 
220 304.8 287.5 
215 241.6 236.2 
210 150.8 151.6 
205 82.0 82.5 
200 39.3 39.3 
195 20.2 18.9 
190 39.7 26.8 
185 190.3 135.7 

Comments on Preferred Values 

Comments 

(d) 

0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 

0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 

There is good agreement among all of the recent cross
section studies for A < 280 nm. At A > 280 nm the data 
of Molina et al.2 appear to be the most accurate. The 
higher values in Ref. 1 may be due to the presence of CS2 
or other unidentified trace contaminants or alternatively 
dimerization of OCS in the pressurized cell employed. 
The preferred values are 5 nm averages based on the data 
of Molina et al.2 The results of Locker et al.,3 presented in 
graphical form, agree with these values. 

The preferred overall quantum. yield of O.SO is an aver
age of the results of Kudolf and Inn1 and the earlier work 
of Sidhu et al., 5 which gave slightly higher values (4)1 + 4>2 
= 0.9), with 4>:J4> ~ 0.72. Breckenridge and Taube6 ob
tained 4>zl4> = 0.74 ± 0.04 and their results suggest 
strongly that SCP) production accounts for the balance. 
They did not, however, determine absolute values for the 
quantum yields. There is currently no evidence for fluo
rescence from OCS. This is difficult to reconcile with a 
photodissociation yield significantly less than unity. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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References 

lR. N. Rudolf and E. C. Y. Inn, J. Geophys. Res. 86, 9891 (1981). 
2L. T. Molina, J. J. Lamb, and M. J. Molina, Geophys. Res. Leu. 8,1008 

(1981). 
3J. R. Locker, 1. B. Burkholder, E. 1. Bair, and H. A. Webster, J. Phys. 

Chern. 87, 1864 (1983). 

4R. P. Turco, R. J. Cicerone, E. C. Y. Inn, and L. A. Capone, J. 
Geophys. Res. 86,5373 (1981). 

5K. S. Sidhu, I. G. Csizmadia, O. P. Strausz, and H. E. Gunning, 1. Am. 
Chern. Soc. 88, 2412 (1966). 

6W. H. Breckenridge and H. Taube, 1. Chern. Phys. 53, 1750 (1970). 

CS2 + h v ~ products 

Primary photochemical processes 

Reactions 

CS2 + hv ~ CS; (1) 
~ CS + S(3P) (2) 
~ CS + SeD) (3) 

432 
543 

>277 
277 
220 

Absorption cross-section data 

Wavelength range/nm Reference Comments 

280-360 
318-330 

Wine, Chameides and Ravishankara, 19811 

Wu and Judge, 19812 

(a) 
(b) 

Quantum yield data 

Measurement Wavelength range/nm 

<floes = 0.012 281-350 

Comments 

(a) At a spectral resolution of 0.4 nm. A value of O"max = 
1 X 10-19 cm2 was determined at 320 nm. Tempera
ture variation over range 250 < T < 325 K produced 
little change in the averaged 0" values. 298 K values 
were shown in graphical form. 

(b) At a spectral resolution of 0.06 nm. A value of O"max = 
1.1 X 10- 19 cm2 was determined at 321.5 nm. Tem
perature = 294 K. A synchrotron continuum source 
was used, and the spectrum shown in graphical form. 

(c) Quantum yield for OCS formation in overall photoox
idation of CS2 over wavelength region indicated. 
From steady-state photolysis of low partial pressures 
of CS2 in air at 1 atm, CS; + O2 was suggested as the 
source of OCS. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Jones, Cox, and Penkctt, 19833 (c) 

Preferred Values 

}./lllU 10"1 u/~m" }.fnm 1071 a/em2 

295 9.6 335 5.3 
305 46 345 2.6 
315 72 J55 0.5 
325 48 

Quantum Yield 
<Poes = 0.012 for 290-360 nm region in 1 bar air. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.4 The most recent studies confirm 
the structured nature of the absorption in the near UV 
band (290-350 nm). Since there is insufficient energy to 
dissociate CS2 at A < 281 nm, the photochemical reaction 
yielding OCS and S02 products, reported by Jones et al.3 

and in earlier work,5,6 must arise from reactions involving 
excited CS2 molecules. The quantum yield reported by 
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lones et al.3 is in good agreement with that estimated for 
( 'Sz photolysis in air at 1 atm by Wine et al.1 from the ear
Iter data of Wood and Heicklen5 (Le., 4>ocs = 0.01-
(1015). The preferred value is based on the data of Ref. 3 
hut might best be considered an upper limit since the ob
'>erved slow oxidation of CSz could have been due, at least 
I II part, to other mechanisms. 

References 

IP. H. Wine, W. L. Chameides, and A. R. Ravishankara, Geophys. Res. 
Lett. 8, 543 (1981). 

2e. Y. R. Wu and D. L. Judge, Geophys. Res. Lett. 8, 769 (1981). 
3B. M. R. Jones, R. A. Cox, and S. A. Penkett, J. Atmos. Chern. 1, 65 
(1983). 

4CODATA, Supplement II, 1984 (see references in Introduction). 
sW. P. Wood and J. Heicklen, J. Phys. Chern. 75, 854 (1971). 
6M. DeSorgo, A. J. YaIWood, O. P. Strausz, and H. E. Gunning, Can. 
J. Chern. 43, 1886 (1965). 

products 

Primary photochemical processes 

Reactions 

('H3SSCH3 - + CH3 (1) 
(2) - 2CH3S 

Wavelength range/nm 

201-360 

Comments 

238 
273 

Absorption cross-section data 

Reference 

Hearn, Turcu, and Joens, 19901 

Quantum yield data 

No data available. 

(a) Cary 2300 double beam UV spectrophotometer used A/nm 

with a resolution of 0.10 nm. Photolysis of 
(CH3)2SZ-Nz mixtures at a constant pressure of 100 201 

205 
Torr. Temperature 300 ± 2 K. 210 

215 
220 
225 
228 (min) 
230 
235 
240 
245 
250 
251 (max) 
255 
260 
265 
270 
275 

Preferred Values 

102\) u/cm2 A/nm 

1053.0 280 
850.0 285 
630.0 290 
312.0 295 
138.7 300 
85.6 305 
82.3 310 
84.2 315 
96.0 320 

110.0 325 
120.7 330 
125.4 335 
125.6 340 
123.3 345 
113.9 350 
99.3 355 
82.7 360 
65.4 

502 
438 

Comments 

(a) 

lO21) u/cm2 

49.8 
36.0 
25.15 
17.06 
11.27 
7.24 
4.57 
2.85 
1.79 
1.09 
0.67 
0.38 
0.22 
0.14 
0.07 
0.04 

<0.01 
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Comments on Pre/erred Values 
The preferred cross-section values are those of Hearn 

et at., 1 which agree well with the earlier values of McMil
lan2 and with the single value at 228.0 nm «()" = 116 X 

10-20 cm2
) quoted by Wine et at.3 While the spectrum of 

Sh~raton and Murray4 agrees qualitatively with the other 
studies, the reported absorption coefficients are signifi
cantly lower. 

The thermochemistry suggests that formation of CH3S 
is the sole dissociation process at wavelengths of impor
tance to atmospheric photochemistry. Balla and Heiklen5 

reported a quantum yield for CH3S formation of 2.04 ± 

0.06 for light absorption in the range 280-300 nm, but a~ 
yet there are no definitive measurements of the quantum 
yields. 

References 

Ie. H. Hearn, E. Tureu, and J. A. Joens, Atmos. Environ. 24A, 193'1 
(1990). 

2J. G. Calvert and J. N. Pitts, Jr., Photochemistry, (Wiley, 1966), p. 490 
3p. H. Wine, N. M. Kreutter, C. A. Gump, and A. R. Ravishankara, J 

Phys. Chern. 85, 2660 (1981). 
4D. F. Sheraton and F. E. Murray, Can J. Chern. 59,2750 (1981). 
SR. J. Balla and J. Heieklen, Can. J. Chern. 62, 162 (1984). 

CHaSNO + hv ~ products 

Primary photochemical processes 

+ NO (1) 

Absorption cross-section data 

Wa'velf!nl!1th range/nm Reference Comments 

190-430 Niki et aI., 1983 1 (a) 

Quantum yield data 

No data available. 

Comments 
Preferred Values 

(a) Cary 14 double beam spectrophotometer used; the 
spectral resolution was not reported. Measurements A/nm 101

<) a/cm2 A/nm 1019 a/em 

of ()" were made over the range 190-600 nm, but only 
190 5 310 14.9 

the results in the range 190-430 nm were given in 195 104 320 18.5 
graphical form. Values of 0" 2.4 x 10-20 and 5.8 x 200 (max) 162 330 21.3 
10-20 cm2 were quoted for 510 and 545 nm, respec- 205 91 335 (max) 21.6 

tively. Values given in the table were taken from 210 (min) 81 340 21.5 

graph. Temperature = 298 K. 215 98 350 19.6 
218 (max) 104 
220 96 360 16.5 

225 73 370 12.7 
230 40 380 9.6 
240 16 390 6.7 
250 3.5 400 4.5 
260 1.7 410 2.9 
264 (min) 1.5 420 2.0 
270 1.8 430 1.3 
280 2.7 
290 5.2 510 0.24 
300 9.3 545 0.58 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments on Preferred Values 
The spectrum of CH3SNO consists of a weak transition 

in the 500-600 nm region showing some vibrational fine 
structure and stronger continuous bands at shorter wave
Jengths.2 The CH3S-NO dissociation energy has been es
timated3 to be -110 kJ'mol-t, but because more reliable 
data are not available we do not give wavelength limits 
for this dissociation channel. 

The only available cross-section data in the gas phase 
appear to be those of Niki et al., 1 who have published 
their results mainly in the form of graphs covering the 
range 190-430 nm. Their published spectrum shows no 
fine structure but appears to consist of overlapping con
tinua with three maxima at approximately 200, 218 and 
335 nm. The preferred values of u in the range 190-430 
nm are taken from the graphs of Niki et at. 1 and cannot 
be considered to be very precise. The two values at 510 

and 545 nm are numerical values quoted in the same 
study. 1 

There have been no quantum yield measurements. By 
analogy with CH30NO photolysis, the primary products 
are expected to be CH3S and NO. This is supported by 
the work of McCoustra and Pfab2 who studied the 
photodissociation of CH3SNO in a molecular beam and 
the study of Niki et a/. l who found CH3SSCH3 and NO to 
be the only major products from CH3SNO photolysis at 
300-400 nm. 

References 

IH. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys. 
Chern. 87. 7 (1983). 

2M. R. S. McCoustra and J. Pfab, Chern. Phys. Lett. 137,355 (1987). 
3S. W. Benson, Chern. Rev. 78, 23 (1978). 
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4.6 Fluorine Species 

O+FO~02+F 

Rate coefficient data: no available experimental data 

Preferred Values 

k = 5 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~Iog k = ± 0.5 at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1980.1 There are no experimental data. 

This estimate is probably accurate to within a factor of3, 
and is based upon the assumption that the reactivity of 
Fa is similar to that of CIa and BrO. The temperature 
dependence of the rate constant is expected to be small, 
as for the analogous CIO reaction. 

References 

lCODATA, 1980 (see references in Introduction). 

Flate coenlclent data: no available experimental data 

Preferred Values 

k = 5 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~log k = ±0.7 at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1980.1 There are no experimental data. 

The rate constant for such a radical-atom process is ex
pected to approach the gas collision frequency and is not 
expected to exhibit a strong temperature dependence. 

Reference 

lCODATA, 1980 (see references in Introduction). 

OeD) + HF ~ HO + F (1) 

~ OfP} + HF (2) 

MI"(l) = -47 kJ·mol- 1 

MfO(2) = 190 kJ'moI- 1 

Rate coefficient data: no available experimental data. 

Preferred Values 

k = 1 X 10- 10 em3 molecule- l S-1 at 298 K. 

Reliability 
~log k = ± 0.5 at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1980.1 k is assumed to be comparable to 

J. Phys. Chem. Ref. Data, Vol. 21. No.6, 1992 

most other OeD) rate constants which approach the gas 
kinetic collision frequency, and as such is not expected to 
exhibit a strong temperature dependence. 

Reference 

lCODATA, 1980 (see references in Introduction). 
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OeD) + COF2 ~ CO2 + F2 lot' 

~ Oep) -+ ,. (2) 

\/1°(1) = -197 kJ'mol- 1 

\/1°(2) = -190 kJ'mol- 1 

Rate coefficient data (k = k, + k2 ) 

I h.lO/ute Rate Coefficients 
(4.6 ± 0.4) x 10- 10 

(7.4 ± 1.2) x 10- 11 

Udal;ve Rate Coefficients 
4.8 x 10- 11 

kl = 3.4 X 10- 11 

I/ranching Ratios 
kJk = 0.71 ± 0.07 

Ul'views and Eva/uations 
kl = 2.2 X 10- 11 

k2 = 5.2 X 10- 11 

7.4 X to-II 

Temp./K 

298 
298 

298 
298 

298 

298 
298 
298 

Comments 

(a) Flo.w system. [OeD)] mo.nito.red by time-reso.lved 
reso.nance abso.rptio.n at 115 nm. Data analysis used 
mo.dified Beer-Lambert law. 

(b) Pulsed laser pho.tolysis o.f 0 3 at 248 nm. [Oep)] mon
itored by time-reso.lved reso.nance fluo.rescence. Rel
ative impo.rtance o.f deactivatio.n determined by 
co.mpariso.n o.f [Oep)] with N z as do.minant quencher 
to. that with COFz as predo.minant quencher. 

(c) Pho.to.lysis of OrNzO-COFz mixtures at 254 nm. 
Rate o.f fo.rmatio.n o.f Nz measured. Value o.f k 
derived fro.m measured ratio., k/k[OeD) + NzO] = 
0.41 and k[OCD) + N20] = 1.16 x 10- 10 cm3 

mo.lecule- t S-1 (this evaluation). Evidence presented 
for some chemical reaction. 

(d) Pho.to.lysis o.fN02 at 229 nm. [COFz] and [N20] mon
itored by infrared absorption spectrosco.py. Value of 
k, derived fro.m measured ratio, ktlk[O(D) + N20] 
= 0.29 ± 0.04 and k[OeD) + N20] = 1.16 x 10- 10 

cm3 mo.lecule- t 
S-1 (this evaluatio.n). 

(e) See Co.mments o.n Preferred Values. 
(f) Based o.n results o.f Wine and Ravishankara.z 

Preferred Values 

kl = 2.2 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
kz = 5.2 X 10- 11 cm3 mo.lecule- 1 S-1 at 298 K. 

Reference Comments 

Fletcher and Husain, 19781 (a) 
Wine and Ravishankara, 19832 (b) 

Jayanty, Simonaitis, and Heicklen, 19763 (c) 
Atkinson et al., 1976-+ (d) 

Wine and Ravishankara, 19832 (b) 

CODATA, 19845
; IUPAC, 19896 (e) 

NASA,19907 (f) 

Reliability 
dlo.g kl = dlog kz = ± 0.2 at 298 K. 

Comments on PrefelTed Values 
This data sheet is reproduced from o.ur previous evalu

ation, CODATA, 1984.5 The preferred values for kl and 
kz are based o.n the results reported in the study of Wine 
and Ravishankara, l which is much mo.re direct than the 
o.ther studies. Both the o.verall rate and the branching ra
tio. repo.rted in this study are accepted. The technique o.f 
Fletcher and Husain l has given problems in the past fo.r 
well-studied similar reactio.ns, and the value repo.rted ap
pears unacceptably high. 

References 

II. S. Fletcher and D. Husain, J. Photochem. 8, 355 (1978). 
2P. H. Wine and A. R. Ravishankara, Chern. Phys. Lett. 96, 129 (1983). 
3R_ K_ M Iayanty, R_ Simonaiti!>, and J. Hcicklen, J. Photochem. S, 217 

(1976). 
4R. Atkinson, G. M. Breuer, J. N. Pitts, Jr., and H. L. Sandoval, J. 

Geophys. Res. 81, 5765 (1976). 
5CODATA, Supplement II, 1984 (see references in Introduction). 
6IUPAC, Supplement III, 1989 (see references in Introduction). 
7NASA Evaluation No.9, 1990 (see references in Introduction). 
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OeD) + HFCs ~ products 

Rate coefficient data 

Absolute Rate Coefficients 
1.4 x 10- 10 CH3F 
8.4 x 10- 12 CHF3 
9.8 X 10- 11 CHF3 

Relative Rate Coefficients 
4.8 x 10-11 CH2F2 

6 X 10- 11 CH3CF3 
4.8 X 10- 11 CHF2CF3 

Reviews and Evaluations 
1.1 x 10- 10 CH.,F 
9 x 10- 11 CH2F2 

8.4 X 10- 12 CHF3 
1 X 10- 10 CH3CHF2 

1 X 10- 10 CH"CF" 
1 x 10-10 CH2FCF3 
5 X 10- 11 CHF2CF3 

Comments 

Temp./K 

298 
298 
298 

298 
298 
298 

200-300 
200-300 
200-300 
200-300 
200 300 
200-300 
200-300 

(a) Laser flash photolysis of 0 3 at 248 nm. Time-resolved 
production of OCP) was monitored by resonance ab
sorption at 130 nm. 

(b) Flash photolysis of 0 3. OeD) was monitored by time
resolved resonance absorption at 115 nm. The data 
analysis used modified Beer-Lambert law. 

(c) OeD) produced by photolysis of N02 at 229 nm. 
Monitored A.[HFC]lA.[N20] by IR absorption spec
trometry. Relative rate coefficients k/k(OCD) + 
N20) placed on an absolute basis by use of 
k(OCD) + N20) from this evaluation. The cited 
rate coefficients refer to chemical reaction only and 
do not include physical quenching. 

(d) CH3F and CHF3: based on results of Force and 
Wiesenfeld.1 CH2F2, CH3CF3, and CHF2CF3: based 
on results of Green and Wayne.3 CH3CHF, and 
CH2FCF3: estimated by analogy . 

. Preferred Values 

CH3F k = 1.4 X 10- 10 cm3 molecule- 1 S-1 at 298 K. 
CH2F2 k = 9 X 10- 11 cm3 molecule-~ S-I at 298 K. 
CHF3 k = 8.4 X 10-12 cm3 molecule- I S-I at 298 K. 
CH3CHF2 k = 1 X 10-10 cm3 molecule- 1 

S-I at 298 K. 
CH3CF3 k = 1 X 10-10 cm3 molecule- I S-I at 298 K. 
CH2FCF3 k = 1 X 10- 10 cm3 molecule- I S-I at 298 K. 
CHF2CF3 k = 5 X 10- 11 cm3 molecule- I S-I at 298 K. 

Reliability 
A.log k = ± 0.5 at 298 K for CH3F, CH2F21 CHF31 

CH3CF31 and CHF2CF3. 
A.log k = ±0.7 at 298 K for CH3CHF2 and CH2FCF3. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Force and Wiesenfeld, 19811 (a) 

(b) Fletcher and Husain, 19762 

Green and Wayne, 19763 (c) 

NASA,19904 (d) 

Comments on Preferred Values 
The rate coefficients given are for the total disappear

ance of OeD) atoms and include both physical quenching 
and chemical reaction. Because these rate coefficients 
have such high values (nearly collisional) at 298 K, they 
can be assumed to be temperature-independent. Specific 
comments are as follows: 

Based on the results of Force and Wiesenfeld l 

who also reported 25% physical quenching. 

Based on the results of the relative rate study 
of Green and Wayne3 with an estimated 50% 
physical quenching. 

Based on the results of Force and Wiesen
feld,1 who also reported 77% physical quench
ing. 

CH3CF3 Based on the results of Green and Wayne.3 

CH2FCF3 Estimated by analogy with CH2F2. 

CHF2CF3 Based on the results of Green and Wayne.3 

References 

IA. P. Force and J. R. Wiesenfeld, J. Phys. Chern. 85, 782 (1981). 
21. S. Fletcher and D. Husain, J. Phys. Chern. 80, 1837 (1976). 
3R. G. Green and R. P. Wayne, J. Photochem. 6, 371 (1976). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
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F + H2 ~ HF + H 

.\//0 = -135 kJ'mol- 1 

Rate coefficient data 

·thsolute Rate Coefficients 
1.2 x 1O- lO exp[-(470 ± 30)fT] 

Ut'views and Evaluations 
1.9 x 10- 10 exp( - 570fT) 
1.4 X 10 - 10 exp( - 500fT) 

comments 

Temp./K 

221-376 

190-770 
200-300 

(a) Discharge flow system. F atoms reacted with D2 to 
produce D atoms. D atom decay monitored by reso 
nance fluorescence. 

(b) Based on the temperature-dependent studies of 
Heidner et al.,5 Wurzberg and Houston,6 Igoshin 
et al., 7 and the room temperature studies of Zhitneva 
and Pshezhetskii,8 Dodonov et al.9 and Clyne et al.1O 

( c) Based on the results cited in (b) and those of Clyne 
and Hodgson 11 and Stevens et at. I 

Preferred Values 

k = 2.6 X 10- 11 cm3 molecule- I S-I at 298 K. 
k = 1.4 X 10-10 exp( -500/T) cm3 molecule- I 

S-I over 
the range 200-375 K. 

Reliability 
~log k = ±0.1 at 298 K. 
~(E/R) = ±200 K. 

Comments on Preferred Values 
The value of k at 298 K seems to be well established 

with the results reported by Zhitneva and Pshezhetskii,8 
Heidner et al.,5 Wurzberg and Houston,6 Dodonov et al.,9 

Reference 

Stevens, Brune and Anderson, 19891 

CODATA, 19822
; IUPAC, 19893 

NASA,19904 

Comments 

(a) 

(b) 
(c) 

Clyne et aI., 10 19oshin et at.,7 Clyne and Hodgsonll and 
Stevens et al.1 being in good agreement; the preferred 
value at 298 K is the mean of these values. Reported val
ues of E /R runge from 433-595 K (Refs. 1 nnd 5-7). The 
preferred value of E /R is derived from a least-squares fit 
to the data in these studies, and the A -factor was chosen 
to fit the recommended room temperature value. 

References 

1P. S. Stevens, W. H. Brune, and J. G. Anderson, J. Phys. Chern. 93, 
4068 (1989). 

2CODATA, Supplement I, 1982 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5R. F. Heidner, J. F. Bott, C. E. Gardner, and J. E. Melzer, J. Chern. 

Phys. 72, 4815 (1980). 
6E. Wurzberg and P. L. Houston, J. Chern. Phys. 72, 4811 (1980). 
7y. I. Igoshin, L. Y. Kulakov, and A. I. Nikitin, SOy. J. Quantum Elec

tron. 3, 306 (1974). 
MG. P. Zhitneva and S. Ya. Pshezhetskii, Kinetika i Katalia 19, 296 

(1978). 
9 A. F. Dodonov, G. K. Lavrovskaya, I. I. Morozov, and V. L. Tal'Roze, 

Dokl. Akad. Nauk 198,622 (1971). 
HlM.A.A. Clyne, D. J. McKenney, and R. F. Walker, Can. J. Chern. 51, 
3596 (1973). 

11M. A. A. Clyne anci A. Hocigson, J. Chern. Soc. Faraday Trans. 2, 81, 
443 (1985). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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MlO = -72 kJ'mol- 1 

Rate coefficient data 

klcm3 molecule- 1 S-1 

Absolute Rate Coefficients 
(1.3 ± 0.1) x 10- 11 

1.6 X 10- 11 exp[ - (28 ± 42)/T] 

Reviews and Evaluations 
4.2 x 10- 11 exp( -400IT) 
1.4 x 10- 11 

Comments 

Temp./K 

298 
240-373 

240-370 
240-370 

(a) Laser flash photolysis at 308 nm; HF chemilumines
cence monitored. 

(b) Discharge flow system. F atoms reacted with D2 to 
yield D atoms. D atom decay monitored by resonanc~ 
fluorescence. 

(c) Based on results of Walther and Wagner.6 

(d) Based on results of Stevens et al? 

Preferred Values. 

k = 1.4 X 10-11 cm3 molecule- 1 
S-1 over the range 

240-370 K. 

Reliability 
~log k = ±0.1 at 298 K. 
~(E/R) = ±200 K. 

Comments on Preferred Values 
The recommended temperature-independent value is 

based on the results reported by Stevens et nl.2 This value 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Frost et al., 19861 

Stevens, Brune and Anderson, 19892 

CODATA, 19843; IUPAC, 19894 

NASA,199<P 

Comments 

(a) 
(b) 

(c) 
(d) 

is in good agreement with the room temperature results 
uf Prusl el al.1 and Walther and Wagner.6 The latter au
thors in a limited temperature study reported an E /R 
value of 400 K. Although these data have not been used 
in derivation of the preferreci v~l11e> with the exception of 
the one low temperature data' point they are within the 
stated uncertainty limit. 

References 

lR. J. Frost, D. S. Green, M. K. Osborn, and I. W. M. Smith, Int. J. 
Chern. Kinet. 18, 885 (1986). 

2p. S. Stevens, W. H. Brune, and J. G. Anderson, J. Phys. Chern. 93, 
4068 (1989). 

3CODATA, Supplement II, 1984 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6c. D. Walther and H. Gg. Wagner, Ber. Bunsenges. Phys. Chern. 87, 

403 (1983). 
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Low-pressure rate coefficients 

Rate coefficient data 

I. o/cm3 molecule -I S-I Temp./K 

Absolute Rate Coefficients 
(4.3 ± 0.4) x 1O- 33(T/300)-1 [Ar] 295-359 
(2.8 ± 0.2) x 10-33 [He] 298 
(3.1 ± 0.2) x 10- 33 [Ar] 298 

Reviews and Evaluations 
4.3 x 1O- 33(TI300)-14 [N:?] 200-300 
4.4 X 1O- 33(T/300)-12 [air] 200-300 

Comments 

(a) Pulsed radiolysis of Ar-F2-02 mixtures, with UV ab
sorption detection of F02 radicals at 220 nm. The 
rate coefficient and the equilibrium constant were 
determined by varying the O2 concentration. A value 
of Mlo = - 52.8 kJ'mol- 1 was derived. 

(b) Laser photolysis of F2 at 248 nm in the presence of O2 
and bath gases. The reaction mechanism with six re
actions was followed via the analysis of transient ab
sorption signals at 215 nm. The forward and 
backward rate coefficients of the reactions F + O2 + 
M ~ F02 + M and F + F02 + M ~ F20 2 + M 
were determined. A value of Mlo = - (56.4 ± 1.7) 
kJ 'mol- 1 was derived. 

(c) Based on the data of reference 1. It was assumed that 
ko(Ar):ko(N2) = 1. The calculated temperature coef
ficient5 is in accord with the experimental observa
tion from Ref. 1. 

(d) Based on data from reference 1 and on earlier mea
surements.6-11 The value of ko(Ar) from reference 2 is 
slightly smaller than previous measurements. 

Preferred Values 

ko = 3.7 X 10-33(TI300)-1 [N2] cm3 molec111e- 1 S-l 

over the temperature range 300-400 K. 

Reference 

Pagsberg et al., 19871 

Lyman and Holland, 19882 

IUPAC.19893 

NASA,19904 

Reliability 
alog ko = ± 0.3 at 300 K. 
an = ±0.5. 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 
(d) 

The preferred rate coefficient is an average of the two 
most recent determinations l

.
2 for M = Ar. We assume ko 

to be similar for M = Ar and N2. 

References 

1P. Pagsberg, E. Ratajczak, A. Sillesen, and 1. T. 1odkowski, Chern. 
Phys. Lett. 141,88 (1987). 

21. L. Lyman and R. Holland, J. Phys. Chern. 92, 7232 (1988). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5R. Patrick and D. M. Golden, Int. J. Chern. Kinet. 15, 1189 (1983). 
6y. S. Arutyunov, K. S. Popov, and A. M. Chaikin, Kinetika i Kataliz. 

17, 286 (1976). 
'P. P. Chegodaed and Y. I. Tubikov, Dokl. Akad. Nauk. SSSR 210, 647 
(ln~). 

liN. F. Shamonina and A. G. Kotov, Kinetika i Kataliz 20, 233 (1979). 
91. W. M. Smith and D. J. Wrigley, Chern. Phys. Lett. 70, 481 (1980). 
wI. W. M. Smith and D. J. Wrigley, Chern. Phys. 63, 321 (1981). 
lIH. L. Chen, U. W. Tramor, R. E. Center, and W. I. Fyfe, J. Chern. 
Phys. 66, 5513 (1977). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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MfO = 53 kJ'mol- 1 

Low-pressure rate coefficIents 

Rate coefficient data 

kofs- I Temp./K 

Absolute Rate Coefficients 
1.8 X 10- 17 [Ar] 295 
3.1 x 10- 17 [Ar] 312.5 
2.8 x 10- 16 [Ar] 359 
(2.5 ± 1.0) x 10 -18 [He] 298 

Reviews and Evaluations 
2.2 X 10- 17 [N2J 29~ 

Comments 

(a) Pulsed radiolysis of Ar-Fz-02 mixtures with UV ab
sorption detection of F02 radicals at 220 nm. The 
rate of approach to equilibrium was monitored and 
the equilibrium constant measured. A value of flHO 
= 52.8 kJ'mol- 1 was derived by a third-law analysis. 

(b) Laser photolysis of F2 at 248 nm in the presence of O2 

and bath gases. Transient absorption at 215 nm was 
monitored and approach of equilibrium was ana
lyzed. A value of flHo = 56.4 kJ'mol- 1 was derived. 

(c) Based on Ref. 1. 

Preferred Values 

No recommendation. 

MlO = -113 kJ'mol- 1 

Reference Comments 

Pagsberg et al., 19871 (a) 

Lyman and Holland, 19882 (b) 

lUPAC, 19~9' (c) 

Comments on Preferred Values 
Although the data in Refs. 1 and 2 on the formation of 

F02 in the reverse reaction F + 02 + M ~ F02 + M 
agree, the derived equilibrium constants and the corre
sponding values of ko differ by more than a factor of 5. 
Since the origin of this discrepancy is not understood, we 
cannot make a recommendation. 

References 

Ip. Pagsberg, E. Ratajczak, A. Sillesen, and 1. T. 1odkowski, Chern. 
Phys. Lett. 141,88 (1987). 

21. L. Lyman and R. Holland, 1. Phys. Chern. 92, 7232 (1988). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 

Rate coefficient data 

kfcm3 molecule- 1 S-1 

Absolute Rate Coefficients 
2.8 x 10- 11 cxp[-(226..!:.. 200)/T] 
1.3 x 10- 11 

Reviews and Evaluations 
2.8 x 10 -11 exp( - 230fT) 
2.8 x 10- 11 exp( - 230fT) 

Comments 

Temp./K 

253-365 
298 

250-365 
200-300 

(a) Discharge flow system with MS detection of 0 3• 

(b) See Comments on Preferred Values. 
(c) Based on data of Wagner et al. l 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Wagncl-, Zctzsch, and Warnatz, 19721 

CODATA, 19802
; IUPAC, 19893 

NASA, 19904 

Preferred Values 

Comments 

(a) 

(b) 
(c) 

k = 1.3 X 10- 11 cm3 molecule- I 
S-I at 298 K. 

k = 2.8 X 10- 11 exp( -230fT) cm3 molecule- I S-I over 
the temperature range 250-365 K. 
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Ueliability 
dlog k = ± 0.3 at 298 K. 
d(E/R) = ±200 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1980.2 This is the only experimental 
study of this reaction. The value appears to be quite rea
sonable by analogy with the reactivity of atomic chlorine 
with ozone. 

References 

tH. Gg. Wagner, C. Zetzsch, and J. Warnatz, Ber. Bunsenges. Phys. 
Chern. 76, 526 (1972). 

2CODATA, 1980 (see references in lntroduction). 
3n JPAC, Supplement Ill, 19R9 (!,:p.e referenc.e!': in Introrlllc.tion) 
4NASA Evaluation No.9, 1990 (see references in Introduction). 

F + HON02 -,)0 HF + N03 

MJO;;=: -153 kJ'mol- 1 

Rate coefficient data 

k fem3 molecule -1 S-1 Temp./K 

Absolute Rate Coefficients 
(2.7 ± 0.5) x 10- 11 298 
(2.1 ± 1) x 10- 11 298 
6.0 x 10- 12 exp[(400 ± 120)/T] 260-320 
(2.3 ± 0.1) x 10- 11 298 

Reviews and Evaluations 
6.0 X 10- 12 exp(400/T) 200-300 

Comments 

(a) Discharge flow system with EPR detection of F. 
(b) Discharge flow system with MS detection of HF, N03 

and HN03. 
(c) Pulsed laser photolysis at 351 nm with long-path laser 

absorption of N03 at 662 nrn. At higher temperatures 
(335-373 K), the rate coefficient was found to be in
dependent of temperature with a value of (2.0 ± 
0.3) x 10- 11 cm3 molecule- 1 S-I. 

(d) Based on results of the temperature-dependent study 
of Wine et al.3 and the room temperature results of 
Mellouki et al. 1 and Rahman et al.2 

Preferred Values 

k - 2.3 X 10- 11 em3 rnoleeule- 1 S-I at 298 K. 
k = 6.0 X 10-12 exp(400/T) cm3 molecule- I S-1 over 

the temperature range 260-320 K. 

Reliability 
dlog k = ±0.1 at 298 K. 
d(E/R) = ±200 K. 

Reference Comments 

Mellouki, Lc Bras and Poulet, 19871 (a) 
Rahman et al., 19882 (b) 
Wine, Wells and Nicovich, 19883 (c) 

NASA. 19904 (d) 

Comments on Preferred Values 
The recommendation is based on results of the temper

ature-dependent study of Wine et al.3 and the room tem
perature results of Mellouki et a/.1 and Rahman et al.2 

The values at room temperature are in good agreement. 
The study of Wine et a/.3 was over the temperature range 
260-373 K; below 320 K the authors fitteu theil Llata with 
the Arrhenius expression recommended here, whereas at 
higher temperatures a temperature-independent value 
was found, suggesting the occurrence of different mecha
nisms in the two temperature regimes. 

References 

1 A. Mellouki, G. Le Bras, and G. Poulet, J. Phys. Chern. 91,5760 (1987). 
2M. M. Rahman, E. Becker, Th. Benter, and R. N. Schindler, Ber. Bun

senges. Phys. Chern. 92, 91 (1988). 
3p. H. Wine, J. R. Wells, and J. M. Nicovich, J. Phys. Chern. 92, 2223 

(1988). 
4NASA Eva\uation No.9, 1990 (see references in Introduction). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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fUr = -132 kJ'mol- 1 

Rate coefficient data 

k Icm3 molecule -1 s-1 

Absolute Rate Coefficients 
(5.72 ± 0.30) x 10- 11 

Reviews and Evaluations 
3.0 x 10- 10 exp( -400fT) 
3.0 x 10-10 exp( -400fT) 

Comments 

Temp./K 

298 

250-450 
200-300 

(a) Infrared multiphoton dissociation of SF6 in mixture 
of CRt, D2, and Ar. First-order decay of [F] moni
tored by chemiluminescence from either HF or DF. 
Dependence of decay rate on mixture composition 
gave values for k and for k (F + D2 ~ DF + D). 

(b) See Comments on Preferred Values. 
(c) Based on absolute values of Wagner etai.,s Clyne 

et al.6 and Kompa and Wanner,' and on relative re
sults of Foon and Reids and Pollock and Jones.9 

Preferred Values 

k = 8 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
k = 3.0 X 10-10 exp( -400fT) cm3 molecule- 1 S-1 over 

the temperature range 250-450 K. 

Reliability 
dlog k = ± 0.2 at 298 K. 
d(EfR) = ±200 K. 

"-H 0 
- - 80.3 kJ'mol- 1 

Reference 

Fasano and Nogar, 19821 

CODATA, 19842; IUPAC, 19S<P 
NASA,19904 

Comments on Pre/erred Values 

C.nmments. 

(a) 

(b) 
(c) 

This data sheet is reproduced from our previous evalu
ation, CODATA, 1984.2 The preferred value is based on 
the room-temperature results of Clyne et al.,6 Kompa and 
Wanner,' Pollock and Jones9 and Fasano and Nogar, l the 
298-450 K results of Wagner et al.,5 and the 253-348 K 
results of Foon and Reid.s 

References 

ID. M. Fasano and N. S. Nogar, ~hem. Phys. Lett. 92, 411 (1982). 
2CODATA, Supplement II, 1984 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5H. Gg. Wagner. 1. Warnatz. and C. Zetzsch. An. Assoc. Ouim. Ar
gentina 59, 169 (1971). 

6M. A. A. Clyne, D. J. McKenney, and R. F. Walker, Can. J. Chern. 51, 
3596 (1973). 

7K. L. Kompa and J. Wanner, Chern. Phys. Lett. 12, 560 (1972). 
NR. Foon and G. P. Reid, Trans. Faraday Soc. 67, 3513 (1971). 
9']'. L. Pollock and W. E. Jones, Can. J. Chern. 51, 2041 (1973). 

Rate coefficient data 

kfcm3 molecule- 1 S-1 Temp./K Reference Comments 

Absolute Rate Coefficients 
(1.6 ± 0.35) x 10- 14 296 ± 2 Howard and Evenson, 19761 (a) 
(2.17 ::!: 0.18) x 10- 14 297::!: 2 Nip el al., 1979:1. (b) 
7.96 x 10-25 T432 exp[ - (277 ± 730)fT] 292-480 Jeong and Kaufman, 19823,4 (c) 
(1.40 ± 0.09) x 10- 14 292 
(1.71 ± 0.24) x 10-14 308 Bera and Hanrahan, 19885 (d) 

Reviews and Evaluations 
5.51 x 10- 18 T2 exp( -1005/T) 292-480 Atkinson, 19896 (e) 
5.4 x 10 -12 exp( - 1700fT) 292-400 NASA,19907 (f) 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Discharge flow system with LMR detection of HO. 
(b) Flash photolysis system with UV absorption detec

tion of HO. 
(c) Discharge flow system with resonance fluorescence 

detection of HO. 
(d) Pulsed radiolysis generation of HO radicals with de

tection by UV absorption. 
(e) Derived from the absolute rate coefficient data of 

Howard and Evenson/ Nip et al.2 and Jeong and 
Kaufman.3,4 

(f) The 298 K rate coefficient was derived from the abso
lute rate coefficients of Howard and Evenson, l Nip 
et al.2 and Jeong and Kaufman.3,4 The temperature 
dependence was derived trom the data of Jeong and 
Kaufman3

,4 below 400 K. 

Preferred Values 

k = 1.7 X 10- 14 cm3 molecule- 1 
S-1 at 298 K. 

k = 3.7 X 10- 12 exp( -1600/T) cm3 molecule- l 
S-1 

over the temperature range - 270-340 K. 

Reliability 
~log k = ±0.10 at 298 K. 
ll.(EIR) = ±300 K. 

Mr = -67.0 kJ'mol- 1 

Comments on Prefe"ed Values 
The absolute rate coefficients of Howard and Even

son/ Nip et al.,2 Jeong and Kaufman3,4 and Bera and 
Hanrahan5 are in reasonably good agreement at around 
room temperature. Since secondary reactions of HO rad
icals with CH2F radicals and other radical species were 
expected to have occurred in the study of Bera and Han
rahan,5 the rate coefficient of Bera and Hanrahan5 was 
not used in the evaluation. The absolute rate coefficients 
of Howard and Evenson,l Nip et al.2 and Jeong and Kauf
man3

,4 were fitted to the three-parameter equation k = 
CT2 exp( -D/T), resulting in k = 5.51 X 10- 18 T2 
exp( -1005IT) cm3 molecule- I 

S-I over the temperature 
range 292-480 K. The preferred Arrhenius expression, k 
= A exp( - BIT), is centered at 300 K and is derived from 
the three parameter equation with A = C e2 

1'2 and 1:J = 
D + 2T. Note that no experimental rate coefficient data 
are available below 292 K. 

References 

Ie. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 197 (1976). 
2W. S. Nip. D. L. Singleton. R. Overend. and G. Paraskevopoulos. J. 

Phys. Chern. 83, 2440 (1979). 
3K.-M. Jeong and F. Kaufman, J. Phys. Chern. 86, 1808 (1982). 
4K.-M. Jeong, K-J. Hsu, J. B. Jeffries, and F. Kaufman, J. Phys. Chern. 

88, 1222 (1984). 
5R. K Bera and R. J. Hanrahan, Radiat. Phys. Chern. 32, 579 (1988). 
6R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
7NASA Evaluation No.9, 1990 (see references in Introduction). 

Rate coefficient data 

k/cm3 molecule -1 s - 1 

Absolute Rate Coefficients 
(7.8 ± 1.2) x 10- 15 

7.4 X 10- 12 exp[ - (2100 ± 200)/T] 
(5.8 ± 0.3) x 10- 15 

(1.17 ± 0.14) x 10- 14 

2.52 X 10- 21 T 3
('I-) exp[ -(679 ± 458)/T] 

(1.12 ± 0.075) x 10- 14 

(8.8 ± 1.4) x 10- 15 

1.57 X 10- 12 exp[ - (1470 ± l00)IT] 
(1.13 ± 0.10) x 10- 14 

Reviews and Evaluations 
5.06 x 10- 18 T2 exp( - 11071T) 
2.5 x 10- 12 exp( -1650/T) 

Comments 

Temp./K 

296 ± 2 
293-429 
293 
297 ± 2 
250-492 
298 
308 
222-381 
298 

250-492 
250-400 

(a) Discharge flow system with LMR detection of HO. 
(b) Discharge flow system with resonance fluorescence 

detection of HO. 
(c) Flash photolysis system with UV absorption detec

tion of HO. 
(d) HO radicals generated by pulsed radiolysis and de

tected by UV absorption. 
(e) Flash photolysis system with LIF detection of HO. 

Reference 

Howard and Evenson, 19761 

Clyne and Holt, 19792 

Nip et al., 19793 

Jeong and Kaufman, 19824
•5 

Bera and Hanrahan. 19886 

Talukdar e/ al., 19917 

Atkinson, 19898 

NASA,19909 

Comments 

(a) 
(b) 

(c) 
(b) 

(d) 
(e) 

(f) 
(g) 

(f) Derived from the absolute rate coefficient data of 
Howard and Evenson,! Nip et al.3 and Jeong and 
Kaufman.4 

(g) The 298 K rate coefficient was obtained from the rate 
coefficients of Howard and Evenson, I Nip et al.3 and 
Jeong and Kaufman.4 The temperature dependence 
was derived from the rate coefficient data of Jeong 
and Kaufman4 below 400 K, with the A -factor being 
adjusted to fit the 298 K rate coefficient. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Preferred Values 

k = 1.1 X 10-14 cm3 molecule- l S-I at 298 K. 
k = 2.0 X 10-12 exp( -1545IT) cm3 molecule- l 

S-1 

over the temperature range 240-300 K. 

Reliability 
alog k = ±0.10 at 298 K. 
a(EIR) = ±200 K. 

Comments on Pre/erred Values 
The room temperature rate coefficients of Nip et al.,3 

Jeong and Kaufman4 and Talukdar et al.7 are in good 
agreement, but are - 30% higher than those of Howard 
and Evenson,l Clyne and Ho1t2 and Bera and Hanrahan.6 

The data of Clyne and Hole are not considered reI i
able,s.9 and that of Dera and IIanrahan6 may have been 
subject to secondary reactions. The rate coefficients mea
sured by Jeong and Kaufman4 (250-492 K) and Talukdar 
et al.7 (222-381 K) are in good agreement over the tem
perature range where they overlap. The rate coefficient 
data of Howard and Evenson, l Nip et al.,3 Jeong and 

J~Jr = -50.9 kJ'rnol- 1 

Kaufman4 and Talukdar et al.,7 have been fitted to the 
three parameter equation k = CT2 exp( - D IT), resulting 
in k = 3.84 X 10- 18 T2 exp( -1016IT) cm3 molecule- I S-I 

over the temperature range 222-492 K. The preferred 
Arrhenius expression, k = A exp( - BIT), is centered at 
265 K and is derived from the three-parameter equation 
with A = C e2 T2 and B = D + 2T. 

References 

Ie. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 197 (1976). 
2M. A. A. Clyne and P. M.Holt, J. Chern. Soc. Faraday Trans. 2, 75, 582 

(1979). 
3W. S. Nip, D. L. Singleton, R. Overend, and G. Paraskevopoulos, J. 

Phys. Chern. 83,2440 (1979). 
4K.-M. Jeong and F. Kaufman, J. Phys. Chern. 86, 1808 (1982). 
~K.-M. Jeong, K.-J. Hsu, J. D. Jeffries, and Po Kaufman, J. PhY5. Chern. 
88, 1222 (1984). 

6R. K. Bera and R. J. Hanrahan, Radiat. Phys. Chern. 32, 579 (1988). 
7R. Talukdar, A. Mellouki, T. Gierczak, J. B. Burkholder, S. A. 
McKeen, and A. R. Ravi3hankara, J. Phys. Chem. 95,5815 (1991). 
8R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
9NASA Evaluation No.9, 1990 (see references in Introduction). 

Rate coefficient data 

klcrn3 rnolecule- I S-1 Temp./K 

Absolute Rate Coefficients 
(2~i.5) X 10- 16 296 ± 2 
(5.5-9.3) x 10- 13 1255-1445 
(1.3 ± 0.4) x 10- 15 296 
(1.4 ± 0.6) x 10- 15 430 
(3.5 ± 1.7) x 10- 16 297 ± 2 
2.98 x 10- 12 exp[ - (2909 ± 156)/T] 387-480 
1.7 X 10- 16 298* 

Reviews and Evaluations 
1.49 x 10- 111 T2 exp( -1887/T) 387-1445 
1.05 x 10 12 exp( - 26,SOIT) 296-410 

Comments 

(a) Discharge flow system with LMR detection of HO. 
(b) Flash photolysis study (gas mixture heated by shock 

wave) with UV absorption detection of HO. Refer
ence should be consulted for rate coefficients at the 
various temperatures studied. 

( c) Discharge flow system with resonance fluorescence 
detection of HO. 

(d) Flash photolysis system with UV absorption detec
tion of HO. 

(e) Derived from the absolute rate coefficient data of 
Ernst et al.2 and Jeong and Kaufman,s,6 using the 
three parameter equation k = CT2 exp( - D IT). 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Howard and Evenson, 19761 (a) 
Ernst, Wagner and Zellner,19782 (b) 
Clyne and Holt, 19793 (c) 

Nip et al., 19794 (d) 
Jeong and Kaufman, 19825,6 (c) 

Atkinson, 19897 (e) 
NASA,199011 (f) 

(f) Derived from the 296 K rate coefficient of Howard 
and Evenson! and the 387 and 410 K rate coefficients 
of Jeong and Kaufman.5

,6 

Preferred Values 

k = 2.4 X 10- 16 cm3 molecule- I S-1 at 298 K. 
k = 1.0 X 10- 12 exp(-2490IT) cm3 molecule-1 S-1 

over the temperature range - 270-340 K. 

Reliability 
alog k = ± 0.5 at 298 K. 
a(EIR) = ±500 K. 
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Comments on Preferred Values 
The rate coefficients measured at - 298 K by Howard 

and Evenson/ Nip et al.4 and Clyne and Hole are highly 
uncertain, due to the low rate coefficient (note the re
ported invariance of the rate coefficient over the range 
296-430 K from the study of Clyne and Hole). The abso
lute rate coefficients of Ernst et al.2 and Jeong and Kauf
man5,6 have been fitted to the three parameter equation, 
k = CT2 exp( -DIT), resulting in k = 1.49 X 10- 18 T2 
exp( -1887IT) cm3 molecule- 1 S-I over the range 387-
1445 K. At 298 K, this equation yields k = 2.4 X 10- 16 

cm3 molecule- 1 s-1, in agreement within the error limits 
with the room temperature rate coefficients of Howard 
and Evenson! and Nip et al.4 The preferred Arrhenius ex
pression, k = A exp( - B IT), was obtained from the three 
parameter equation with A = C eZ T Z and B = D + 2T, 
and is centered at 300 K. 

References 

Ie. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 197 (1976). 
2J. Ernst, H. Gg. Wagner, and R. Zellner, Ber. Bunsenges Phys. Chern. 
82,409 (1978). 

3M. A. A. Clyne and P. M. Holt, J. Chern. Soc. Faraday Trans. 2, 75,582 
(1979). 

4W. S. Nip, D. L. Singleton, R. Overend, and G. Paraskevopoulos, J. 
Phys. Chern. 83, 2440 (1979). 

5K.-M. Jeong and F. Kaufman, J. Phys. Chern. 86, 1808 (1982). 
liK.-M. Jeong, K.-J. Hsu, J. B. Jeffries, and F. Kaufman, J. Phys. Chern. 
88, 1222 (1984). 

7R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
8NASA Evaluation No.9, 1990 (see references in Introduction). 

HO + CH3CH2F (HFC-161) ~ H20 + CH3CHF (1) 

~ H 2 0 + CH2CH2 F (2) 

Rate coefficient data (k = k1 + k2 ) 

k/crn3 molecule -I S-I Ternp./K 

Absolute Rate Coefficients 
(2.32 ± 0.37) x 10-13 297 ± 2 

Branching Ratios 
kl/k = 0.85 ± 0.03 297 

Reviews and Evaluations 
1.3 X 10- 11 exp( -1200/T) -298 

Comments 

(a) Flash photolysis system with UV absorption detec
tion of HO. 

(b) Product study carried out using GC. 
(c) The 298 K rate coefficient was based on the rate co

efficient of Nip et al., 1 and the temperature depen
dence was estimated. 

Preferred Values 

k = 2.3 X 10-13 cm3 molecule- I S-1 at 298 K. 
kllk = 0.85 at 298 K. 

Reliability 
~log k = ± 0.3 at 298 K. 
MIlk = ±0.15 at 298 K. 

Reference Comments 

Nip et al., 19791 (a) 

Singleton, Paraskevopoulos and Irwin, 19802 (b) 

NASA,19903 (c) 

Comments on Preferred Values 
The 298 K rate coefficient and branching ratio are 

taken from the studies of Nip et al.1 and Singleton et al.2 

References 

lW. S. Nip, D. L. Singleton, R. Overend, and G. Paraskevopoulos, J. 
Phys. Chern. 83, 2440 (1979). 

lD. L. Singleton, G. Paraskevopoulos, and R. S. Irwin, J. Phys. Chern. 
84, 2339 (1980). 

3NASA Evaluation No.9, 1990 (see references in Introduction). 
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HO + CH3CHF2 (HFC-1S2a) ~ H20 + CH2CHF2 (1) 

~ H20 + CH3CF2 (2) 

Rate coefficient data (k = k, + k2) 

k/cm3 molecule -1 S-1 

Absolute Rate Coefficients 
9.6 x 10- 13 exp[ -(940 ± 130)/T] 
(4.22 ± 0.45) x 10 -14 

1.42 X 10- 12 exp[ - (1050 ± 250)/T] 
(5.6 ± 2.3) x 10- 14 

1 X 10- 12 exp[ - (980 ± 50)/T] 
(3.76 ± 0.60) x 10- 14 

Reviews and Evaluations 
3.4 x 10- 14 

3.4 X 10- 14 

1.5 X 10- 12 exp( -llOO/T) 

Comments 

Ternp./K 

270-400 
298 
220-423 
303 
212-349 
298 

298 
295 
212-400 

(a) Flash photolysis system with resonance fluorescence 
detection of HO. 

(b) Discharge flow system with resonance fluorescence 
detection of HO. 

(C) Laser photolysis system with LIF detection of HO 
and a discharge flow system with LMR detection of 
HO used. 

(d) Mean of the room temperature rate coefficients of 
Howard and Evenson,7 Handwerk and Zellners and 
Nip et al.9 The data of Clyne and Holt lO were not 
used in the evaluation. 

(e) The rate expression was derived from the rate coeffi
cient data of Howard and Evenson,' Handwerk and 
Zellner,8 Nip ct al.,9 Liu ct al.1 and the, as then un
published, data of Gierczak et al.3 

Preferred Values 

k = 3.6 X 10-14 cm3 molecule- t S-1 at 298 K. 
k = 1.0 X 10- 12 exp( -990fT) cm3 molecule- 1 

S-1 over 
the temperature range 240-300 K. 

Reliability 
Alog k = :1:0.10 at 298 K. 
b..(EIR) ±200 K. 

Comments on Preferred Values 
The absolute rate coefficient data of Howard and 

Evenson,' Handwerk and Zellner,S Nip et al.,9 Liu et al.,l 
Brown et al.2 and Gierczak et al.3 are in reasonably good 
agreement at room temperature, and the temperature 
dependent studies of Liu et aI.,1 Brown et al.2 and Gier
czak et al.3 also agree well. As in previous evaluations4-6 
the data of Clyne and Holt lO are omitted; they are signif
icantly higher than the other literature data 1-3,7-9 over the 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Liu, Huie and Kurylo, 19901 

Brown et al., 19902 

Gierczak et al., 19913 

IUPAC, 1989~ 
Atkinson, 19895 
NASA,19906 

Comments 

(a) 

(b) 

(c) 

(d) 
(d) 
(e) 

entire temperature range studied by Clyne and Holt.1o 

The absolute rate coefficients measured by Brown et al.2 

are subject to large uncertainties, as evidenced by the 
high standard deviations cited at several temperatures, 
especially at 220 K and 303 K. Because of this and the 
observations that in general the rate coefficients of 
Brown et aZ.2 are significantly higher than those of other 
recent studies (see the data sheets for other OH + 
HCFC and HFC reactions in this evaluation). these data 
of Brown et aI.2 were not used in the evaluation of the 
rate coefficient for this reaction. 

The absolute rate coefficient data of Howard and 
Evenson,7 Handwerk and Zellner,S Nip etal.,9 Liu etal. l 

and Gierczak et al.3 have been fitted to the three parame
ter equation k = CT2 exp( - D IT), resulting in 

k = 1.98 X 10- 111 T2 exp( -460IT) cm3 molecule- l S-l 

over the temperature range 212-423 K. The preferred 
Arrhenius expression, k = A exp( - BIT), is centered at 
265 K, and is derived from the three parameter equation 
with A = C e2 T2 and B = D + 2T. 

References 

IR. Liu, R. E. Huic, and M. J. Kurylo, J. Phys. Chern. 94, 3247 (1990). 
:lAo C. BIUWII, C. E. CiiIlU!)ii-Mii!), A. D. Pml, amJ R. P. Wayne, AtnlOli. 

Environ. 24A, 2499 (1990). 
3T. Gierczak, R. Talukdar, G. L. Vaghjiani, E. R. Lovejoy, and A. R. 

Ravishankara, J. Gcophys. Res. 96,5001 (1991). 
dIUPAC, Supplcmcnt nI, 1989 (liCC rcfcrcnccli in Introduction). 
sR. Atkinson, J. Phys. Chern. Ref. Data, Monograph I, 1 (1989). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
7C. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 4303 (1976). 
!lV. Handwerk and R. Zellner, Ber. Bunsenges Phys. Chern. 82, 1161 

(1978). 
~. S. Nip, D. L. Singleton, R. Ovcrend, and G. Paraskevopoulos, J. 

Phys. Chern. 83, 2440 (1979). 
111M. A. A. Clync and r. M. Holt, J. Chern. Soc. Paraday Trans. 2, 75, 

582 (1979). 
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!1HO = - 49.5 kJ·mol- 1 

Rate coefficient data 

k fcm3 molecule -1 s - 1 

Absolute Rate Coefficients 
6.9 x to- 11 exp[ - (3200 ± 500)IT] 
< 1 x to-IS 

(1.71 ± 0.44) x to-IS 

2.12 x 10- 12 exp[ - (2200 ± 200)fT] 
(1.35 ± 0.25) x to- 15 

Reviews and Evaluations 
6.0 x 10 - 13 exp( - 1750IT) 

Comments 

Temp./K 

293-425 
293 
298 
261-374 
298 

-298 

(a) Discharge flow system with resonance fluorescence 
detection of HO. 

(b) Flash photolysis system with UV absorption detec
tion of HO. 

( c) Laser photolysis system with LIF detection of HO 
and discharge flow system with LMR detection of 
HO used. 

(d) The 298 K rate coefficient was that of Martin and 
Paraskevopoulos.2 The temperature dependence was 
estimated. 

Preferred Values 

k = 1.3 X 10- 15 cm3 molecule- 1 S-1 at 298 K. 
k = 1.05 X 10- 12 exp( - 1990/T) cm3 molecule 1 s 1 

over the temperature range 240-300 K. 

Reliability 
!lIog k = ±0.15 at 298 K. 
A(EIR) = ±300 K. 

Reference 

Clyne and Holt, 19791 

Martin and Paraskevopoulos, 198]2 
Talukdar et a/., 1991 3 

NASA, 1990~ 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

(d) 

The room temperature rate coefficients of Martin and 
Paraskevopoulos2 and Talukdar et a/.3 are in reasonable 
agreement. The rate coefficients of-Clyne and HoIt I are 
not used in the evaluation since their rate coefficients at 
333 K and 378 K are significantly higher than those of 
Talukdar et al.3 and have large associated cited uncer
tainties. The rate coefficients of Martin and Paraskevo
poulos2 and Talukdar et al.3 have been fitted to the three 
parameter equation k = CT2 exp( - D IT), resulting in k 
= 2.02 X to-IS T2 exp( -1459IT) cm3 molecule- I S-1 

over the temperature range 223-374 K. The preferred 
Arrhenius expression, k = A exp( - B IT), is centered at 
265 K and is derived from the three parameter equation 
with A = C e2 T2 and B = D + 2T. 

References 

1M. A. A. Clyne and P. M. Holt, J. Chern. Soc. Faraday Trans. 2, 75, 582 
(1979). 

2J._p. Martin and G. Paraskevopou\os, Can. J. Chern. 61, 861 (1983). 
3R. Talukdar, A. Mellouki, T. Gierczak, J. B. Burkholder, S. A. McK
een, and A. R. Ravishankara, J. Phys. Chern. 95, 5815 (1991). 

4NASA Evaluation No.9, 1990 (see references in Introduction). 
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HO + CH2FCHF2 (HFC-143) ~ H20 + CH2FCF2 (1) 

~ H20 + CHFCHF2 (2) 

Rate coefficient data (k = k1 + k2 ) 

k/cm3 rnolecule- I S-1 

Absolute Rate Coefficients 
1.5 X lO-12 exp[ - (lOOO :t lOO)/TJ 
(4.68 ± 0.40) x to- 14 

(1.83 ± 0.18) x to- 14 

Reviews and Evaluations 
2.8 X 10-12 exp( -1500/T) 

Comments 

Ternp./K 

293-441 
294 
298 

-298 

(a) Discharge flow system with resonance fluorescence 
detection of HO. 

(b) Flash photolysis system with UV absorption detec
tion of HO. 

(c) 298 K rate coefficient based on the rate coefficient of 
Martin and Paraskevopoulos.2 The temperature de
pendence was estimated. 

Preferred Values 

k = 1.8 X 10-14 cm3 molecule- I S-1 at 298 K. 

Reference 

Clyne and Holt, 19791 

Martin and Paraskevopoulos, 19832 

NASA,19903 

Reliability 
~log k.= ± 0.3 at 298 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 

The preferred 298 K rate coefficient is that determined 
by Martin and Paraskevopoulos.2 The data of Clyne and 
Holt l were not used in the evaluation. 

References 

1M. A. A. Clyne and P. M. Holt, J. Chern. Soc. Faraday Trans. 2,75,582 
(1979). 

2J._P. Martin and G. Paraskevopoulos, Can. J. Chern. 61, 861 (1983). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 

HO + CH2FCF3 (HFC-134a) ~ H20 + CHFCF3 

Rate coefficient data 

k/cm3 rnolecule- l S-I Temp./K 

Absolute Rate Coefficients 
3.7 x 1O- 1z exp[ - (1990 ::t: 280)/T] 270-440 
(5.18 ± 0.7) x lO-15 298 
5.8 x lO-IJ exp[-(1350 ± lOO)/T] 231-423 
(6.9 ± 1.5) x 10- 15 301 
~.7 x 10- 13 exp[-(1430 :!: 6O)/T] 223-324 
(4.34 ± 0.35) x to-IS 298 

Review and Evaluations 
6.6 x 10- n c:xp( - 1300/T) 249-473 
1.27 x lO -18 T2 exp( - 769/T) 249-473 
1.7 x lO-12 exp( -1750/T) 223-440 

Comments 

(a) Flash photolysis system with resonance fluorescence 
detection of HO. 

(b) Discharge flow system with resonance fluorescence 
detection of HO. 

(c) Laser photolysis system with LIF detection of HO 
and discharge flow system with LMR detection of 
HO used. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Liu, Huie and Kurylo, 19901 (a) 

Brown et al., 19902 (b) 

Gierczak el al., 1991' (c) 

IUPAC, 19894 (d) 
Atkinson, 19895 (d) 
NASA,19906 (e) 

(d) Obtained from a least-squares analysis of the abso
lute rate coefficients of Martin and Paraskevopoulos7 

and Jeong et al.8 The data of Clyne and Holt l were 
not utilized in the evaluation because of discrepan
cies with other data for the haloalkanes.4

,5 

(e) Derived from the rate coefficient data of Martin and 
Paraskevopoulos,7 Liu et al. I and Gierczak et al.3 
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Preferred Values 

k = 4.9 X 10- 15 cm3 moIecuIe- 1 S-I at 298 K. 
k = 8.4 X 10- 13 exp( -1535IT) cm3 moIecuIe- 1 S-I 

over the temperature range 240-300 K. 

Reliability 
dlog k = ± 0.2 at 298 K. 
d(EIR) = ±300 K. 

Comments on Preferred Values 
The measured rate coefficients,I-3,7-9 both at room 

temperature and as a function of temperature, do not 
agree well. In particular, the rate coefficients of Jeong 
et al.s are significantly higher than those of Martin and 
Paraskevopoulos,7 Liu et al.1 and Gierczak et al.,3 proba
bly because of the presence of reactive impurities in the 
CH2FCF3 sample used. To a lesser extent, the rate 
cuefficients of Browll et ul.' an.":; alsu cuwsistelltly hight:r 
than those of Martin and Paraskevopou)os/ Liu et al.1 

and Gierczak et al.,3 especially at the lower temperatures 
studied. again indicating the presence of reactive 
impurities. 

The rate coefficients of Martin and Paraskevopoulos,7 
Liu et al.1 and Gierczak et al.3 have been fitted to the 
three parameter equation k = CT2 exp( - D IT), resulting 
in k = 1.61 X 10- 18 T2 exp( -1005IT) cm3 molecule- I S-I 
over the temperature range 223-450 K. The preferred 
Arrhenius expression, k = A exp( - BIT), is centered at 
265 K and is derived from the three-parameter equation 
with A = C e2 T2 and B = D + 2T. 

References 

IR. Liu, R. E. Huie, and M. J. Kurylo, J. Phys. Chern. 94, 3247 (1990). 
2A. C. Brown, C. E. Canosa-Mas, A. D. Parr, and R. P. Wayne, Atmos. 

Environ. 24A, 2499 (1990). 
3T. Gicrcz:ak, R. Talukdar, G. L. Vaghjiani, E. R. Lovejuy, imd A. R. 

Ravishankara, 1. Geophys. Res. 96, 5001 (1991). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5R. Atkinson, 1. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
tiNA SA Evaluation No.9, 1990 (sec references in Introduction). 

71._P. Martin and G. Paraskevopoulos, Can. 1. Chern. 61, 861 (1983). 
HK.-M. Jeong, K.-J. Hsu, J. B. Jeffries, and F. Kaufman, J. Phys. Chern. 

88, 1222 (1984). 
9M. A. A. Clyne and P. M. Holt, J. Chern. Soc. Faraday Trans. 2, 75, 582 

(1979). 

Rate coefficient data 

k/crn3 rnolecule- l S-I Ternp./K 

Absolute Rate Coefficients 
2.8 x 10- 12 exp[ - (1800 ± 400)/T] 294-434 
(5.3 ± 1.5) x 10- 15 294 

Reviews and Evaluations 
8.7 x 10- 13 exp( -15OO/T) -298 

Comments 

(a) Discharge flow system with resonance fluorescence 
detection ot HU. 

(b) The 298 K rate coefficient was derived from the rate 
coefficient of Clyne and Holt. I The temperature de
pendence was estimated. 

Preferred Values 

k = 5.7 X 10- 15 cm3 molecule- I S-I at 298 K. 

Reliability 
dlog k = ± 0.3 at 298 K. 

Reference Comments 

Clyne and Holt, 19791 (a) 

NASA,19902 (b) 

Comments on Preferred Values 
The preferred 298 K rate coefficient is derived from 

the 294 K rate coefficient of Clyne and Holt; extrapo
lated to 298 K. Since the temperature dependencies mea
sured by Clyne and Holt I for other halocarbons are 
generally in disagreement with other literature studies,2,3 
no temperature dependence is rt:commended. 

References 

1M. A. A. Clyne and P. M. Holt, J. Chern. Soc. Faraday Trans. 2, 75, 582 
(1979). 

2NASA Evaluation No.9, 1990 (see references in Introduction). 
3R. Atkinson, 1. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Rate coefficient data 

klcm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
1.7 x 10- 13 exp[ - (1100 ± tOO)IT] 294-441 
(4.9 ± 1.4) x to- 15 294 
(2.49 ± 0.28) x to-IS 298 
2.8 x to- 13 exp[ - (1350 ± 100)/T] 226-423 
(2.9 ± 1.0) x 10-15 303 
5.41 x to- 13 exp[ - (1700 ± l00)/T] 220-364 
(1.90 ± 0.27) x 10- 15 298 

Reviews and Evaluations 
8.9 x 10-13 exp( -1750IT) -298 

Comments 

(a) Discharge flow system with resonance fluorescence 
detection of HO. 

(b) Flash photolysis system with UV absorption detec
tion of HO. 

(c) Discharge flow system with resonance fluorescence 
detection of HO. 

(d) Laser photolysis system with LIF detection of HO 
and discharge flow system with LMR detection of 
HO used. 

(e) The 298 K rate coefficient was based on the rate co
efficient measured by Martin and Paraskevopoulos.2 

The temperature dependence was estimated. 

Preferred Values 

k = 1.9 X 10-15 cm3 molecule- l S-l at 298 K. 
k = 4.9 X 10-13 exp( -1655/T) cm3 molecule- l 

S-l 

over the temperature range 240-300 K. 

Reliability 
alog k = ± 0.2 at 298 K. 
d(E/R) = ±300 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Clyne and Holt, 19791 (a) 

Martin and Paraskevopoulos, 19832 (b) 
Brown et al., 199<P (c) 

Talukdar et al., 19914 (d) 

NASA,199OS (e) 

Comments on Preferred Values 
At room temperature, the measured rate coefficients 

cover a range of a factor of - 3, with the rate coefficient 
of Talukdar et al.4 being the lowest. Combined with the 
temperature dependence obseryed by Talukdar et al.4 be
ing the highest, this suggests the presence of reactive im
purities in the CHF2CF3 samples used in the studies of 
Clyne and Holt l and Brown et al.3 Accordingly, the pre
ferred rate coefficient is derived from the data of Martin 
and Paraskevopoulos2 and Talukdar et al.4 

These rate coefficient data2
,4 were fitted to the three 

parameter equation k = CT2 exp( - D IT), resulting in k 
= 9.46 X 10- 19 T2 exp( -1126/T) cm3 molecule- l S-1 

over the temperature range 220-364 K. The preferred 
Arrhenius expression, k = A exp( - BIT), was centered 
at 265 K and was derived from the three parameter equa
tion with A = C e2 T2 and B = D + 2T. 

References 

1M. A. A. Clyne and P. M. Holt, J. Chern. Soc. Faraday Trans. 2, 75, 582 
(1979)_ 

2J._P. Martin and G. Paraskevopoulos, Can. J. Chern. 61, 861 (1983). 
lA. C; Brown, C. E. Canosa-Mas, A. D. Parr, and R. P. Wayne, Atmos. 
Environ. 24A, 2499 (1990). 

4R. Talukdar. A. Mcllouki. T. Gierczak. I. B. Burkholder. S. A. McKeen 
and A. R. Ravishankara, J. Phys. Chern. 95,5815 (1991). 

5NASA Evaluation No.9, 1990 (see references in Introduction). 
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Rate coefficient data 

k fem3 molecule -1 S-1 

Absolute Rate Coefficients 
(1.11 ± 0.54) X 10- 12 

Temp.1I< 

299 ± 3 

Comments 

(a) Discharge flow system with resonance fluorescence 
detection of HO. 

Preferred Values 

k = 1.1 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~log k = ± 0.3 at 298 K. 

Reference Comments 

D6be, Khachatryan and Berces, 19891 (a) 

Comments on Preferred Values 
The preferred 298 K rate coefficient is based on the 

absolute rate coefficient study of D6be et al. 1 

References 

IS. D6be L. A. Khachatryan, and T. Berces, Ber. Bunsenges Phys. 
Chern. 93, 847 (1989). 

FO + 0 3 ~ F + 202 (1) 

~ F02 + O2 (2) 

MfD(1) = -172 kJ'mol- 1 

M-r(2) = -226 kJ'mol- 1 

Rate coefficient data: no direct experimental data available 

Comments 

The FO + 0 3 reaction has two possible pathways 
which are exothermic, resulting in the production of F + 
202 or F02 + O2• Although this reaction has not been 
studied in a simple direct manner, two studies of complex 
chemical systems have provided some relevant kinetic in
formation. Starrico et al.1 measured quantum yields for 
ozone destruction in F:J03 mixtures, and attributed the 
high values, - 4600, to be due to the rapid regeneration 
of atomic fluorine via the FO + 03 ~ F + 202 reaction. 
However, their results are probably also consistent with 
the chain propagation process being FO + FO ~ 2F + 
O2 (the latter reaction has been studied twice (by Wagner 
et al.2 and Clyne and Watson,3) but although the value of 
[F]produceJ[FOJconsumed is known to be close to unity it has 
not been accurately determined). Consequently it is im
possible to ascertain from the experimental results of 
Starrico et al.1 whether or not the high quantum yields for 
ozone destruction should be attributed to the FO + 0 3 
reaction producing either F + 202 or F02 + O2 (this 
process is also a chain propagation step if the resulting 
F02 radical preferentially reacts with ozone rather than 

.with either FO or itself). Wagner et al.2 utilized a low 
pressure discharge flow - mass spectrometric system to 
study the F + 0 3 and FO + FO reactions by directly 
monitoring the time history of the concentrations of F, 
FO and 0 3• They concluded that the FO + 0 3 reaction 
was unimportant in their system. However, their paper 
does not present enou~h information to warrant this 
conclusion. Indeed, their value of k(FO + FO) of 3 x 
10- 11 cm3 molecu)e- I 

S-I is about a factor of 4 greater 
than that reported by Clyne and Watson,3 whieh may pos
Sibly be attributed to either reactive impurities being 
present in their system, e.g., OCP), or that the FO + 0 3 
reactions were not of negligible importance in their study. 
Consequently, it is not possible to determine a value for 
the FO + 0 3 reaction rate constant from existing exper
imental data. It is worth noting that the analogous cIa + 
0 3 reactions are reported4 to be extremely slow « 10- 18 

em3 molecule- 1 
S-I), and upper limits of 8 x 10- 14 em3 

molecule- l S-l 5 and 5 x 10- 15 cm3 molecule- 1 S-I 6 have 
been reported for k (BrO + 0 3). 

Preferred Values 
None. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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References 

IE. H. Starrico, S. E. Sicre, and H. J. Schumacher, Z. Physik Chern. N.F. 
31, 385 (1962). 

2H. Gg. Wagner, C. Zetzsch, and J. Warnatz, Ber. Bunsenges. Phys. 
Chern. 76, 526 (1972). 

3M. A. A. Clyne and R. T. Watson, J. Chern. Soc. Faraday Trans. 1,70, 
1109 (1974). 

4W. B. DeMore, C. L. Lin, and S. Jaffe, results presented at ACS meet
ing Philadelphia, 1975, and 12th Informal Conference on Photochem
istry, Washington, D.C. (1976). 

sM. A. A. Clyne and H. W. Cruse, Trans. Faraday Soc. 66, 2214 (1970). 
6S. P. Sander and R. T. Watson, J. Phys. Chern. 85,4000 (1981). 

FO + NO ~ F + N02 
MlO = -86 kJ'mol-1 

Rate coefficient data 

Absolute Rate Coefficients 
(2.6 ± 0.5) x 10'" 11 

Reviews and Evaluations 
2.6 X 10-11 

2.6 X 10- 11 

Comments 

T~mp!K 

298 

298 
200-300 

(a) Discharge flow system with MS detection of FO. 
(b) See Comments on Preferred Values. 
(c) Based on data of Ray and Watson.1 

Preferred Values 

k = 2.6 X 10-11 cm3 molecule- l S-1 at 298 K. 

Reliability 
dlog k = ± 0.3 at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Ray and Watson, 19811 

CODATA, 19822; IUPAC, 19893 

NASA,19904 

Comments on Pre/erred Values 

Comments 

(a) 

(b) 
(c) 

This data sheet is reproduced from our previous evalu
ation, CODATA, 1982.2 The preferred value is based on 
results reported by Ray and Watson. l The temperature 
dependence of the rate coefficient is expected to be small 
for such a radical-radical reaction. The temperature de
pendences for the analogous CIO and BrO reactions are 
small and negative. 

References 

1G. W. Ray and R. T. Watson, J. Phys Chern. 85, 2955 (1981). 
2CODATA, Supplement I, 1982 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9. 1990 (see references in Introduction). 
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FO + FO ~ 2F + O2 (1) 

~ F02 + F (2) 

~ F2 + O2 (3) 

M/D(I) = -59 kJ'mol- 1 

M/D(2) = -112 kJ'mol- 1 

M/D(3) = - 218 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 + k3) 

k/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 
(8.5 ± 2.8) x 10 -12 

Relutive Rute Cueffkients 
3.3 X 10- 11 

Reviews and Evaluations 
1.5 x 10- 11 

1.5 X 10- 11 

Temp./K 

298 

298 

298 
298 

Comments 

(a) Discharge flow system with MS detection of FO and 
N02 (unreacted FO was converted to N02 by reac
tion with NO). 

(b) Discharge flow system with MS detection of F, FO, 
F2, and 0 3• From the time behavior of these species 
a value for k was derived together with information 
concerning the relative importance of the three chan
nels. The value of k derived is sensitive to the value 
of k(F + 0 3) and the assumed mechanism. 

(c) See Comments on Preferred Values. 
(d) Based on data of Clyne and Watson l and Wagner 

et al.2 

Preferred Values 

k ;:: 1.5 X 10- 11 cm3 molecule- l S-1 at 298 K. 

Reliability 
.<:llog k ± 0.3 at 298 K. 

Reference Comments 

Clyne and Watson, 19741 (a) 

Wagner et al., 19722 (b) 

CODATA, 1980\ IUPAC, 19894- (I.:) 
NASA,19905 (d) 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1980.3 The value of k reported by Clyne 
and Watson! was obtained in a more direct manner than 
that of Wagner et al.,2 and as such is less susceptible to 
error due to complicating secondary reactions. The value 
recommended in this evaluation is a weighted average of 
the results from the two studies. From the data of Wag
ner et al.2 it can be seen that the dominant channel is that 
producing 2F + O2• However, their data base is not ade
quate to conclude that this is the only process. 

References 

1M. A. A. Clyne and R. T. Watson, J. Chern. Soc. Faraday Trans. 1,70, 
1109 (1974). 

2H. Gg. Wagner, C. Zctzsch, and J. Warnatz, Ber. Bunsenges. Phys. 
Chern. 76, 526 (1972). 

3CODATA, 1980 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction) . 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
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COF2 + h 11 ~ products 

Primary photochemical processes 

Reaction 

COF2 + h v -+ COF + F 
-+ CO + 2F 
-+ CF2 + Oep) 

(1) 
(2) 
(3) 

Preferred Values 

Absorption cross-sections for COF2 photolysis at 298 K 

A/nm 102<1 a/cm2 A/nm 

186.0 5.5 205.1 
187.8 4.8 207.3 
189.6 4.2 209.4 
191.4 3.7 211.6 
193.2 3.1 213.9 
195.1 2.6 216.2 
197.0 2.1 218.6 
199.0 1.6 221.0 
201.0 1.3 223.5 
203.0 0.95 

1020 a/cm2 

0.69 
0.50 
0.34 
0.23 

0.15 
0.10 
0.06 
0.04 
0.03 

543 
683 
690 

Comments on Preferred Values 

220 
175 
173 

The preferred values of the absorption cross-sections 
are those reported by Molina and Molina.· The spectrum 
shows considerable structure, and the values listed are 
averages over 500 em -I intetva1s. The quantum yield for 
photodissociation at 206 nm was reported in the same 
study to be approximately 0.25. In view of the preliminary 
nature of these data, no quantum yield recommendation 
is given. 

References 

lL. T. Molina and M. J. Molina, presented at the 182nd American 
Chemical Society National Meeting, New York, August 1982. 

HCOF + h 11 ~ products 

Primary photochemical processes 

Reactions 

HCOF + hv -+ HF + CO 
-+ F + HCO 
-+ H + FCO 

(1) 
(2) 
(3) 

W'/kJ'mol- 1 

5.4 
507 
436 

22,000 
236 
274 

Absorption cross-section data 

Wavelength range/nm Reference Comments 

195-270 Giddings and Innes, 1961 l (a) 

Quantum yield data 

There are no reported quantum yield data. KIimeck and Berry2 have observed infra-red laser emission from HF* following flash photolysis of 
HCOF (A > 165 nm). The results indicate the occurrence of both reactions (1) and/or (2). 

Comments 

(a) The absorption spectra of HCOF and DCOF were stud
ied using conventional methods. Low resolution spec
trophotometric measurements were made as well as 
high resolution plate photometry. The spectrum of 
HCOF shows a characteristic vibrational progression of 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

many sharp bands, with an origin of structured absorp
tion at 268 nm and a maximum of intensity near 210 nm, 
where a value of 50 I mol- I cm -I was reported for the 
molar extinction coefficient (0' = 1.9 X 10-19 cm2 

molecule -I). The spectra were illustrated in figures and 
the positions of the bands were listed. There was no ef
fect of temperature on the bands on cooling to 196 K. 
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Preferred Values 

Ahsorption cross-sections at 298 K 

>./nm 1020 a/cm2 ~/nm 

220 22.3 250 
225 18.1 255 
230 14.0 260 
235 9.96 265 
240 6.92 270 
245 4.29 

Quantum Yields 
No recommendation. 

Keactlons 

CF3COF + h v ....,.. CF3 + COF 
....,.. CF3CO + F 
....,.. CF4 + CO 

Wavelength range/nm 

200-340 

1()2° a/cm2 

2.74 
1.77 
1.17 
0.80 
0.55 

There are no reported data for $1 or $2. 

Comments 

~nm 

275 
280 
285 
290 
295 

1020 a/cm2 

0.38 
0.26 
0.16 
0.10 
0.06 

Comments on Preferred Values 
The preferred values for the cross-sections are based 

on the data for the absolute absorption coefficients re
ported by Giddings and Innes l and on a digital spectrum 
of HCOF recorded at a resolution of 1 nm by a diode ar
ray spectroscopic analysis of the products of the photoox
idation of CF3CFH2•

3 The listed values are averaged over 
5 nm intervals. 

References 

lL. K. Giddings and K. K. Innes, J. Molecular Spectr. 6,528 (1961). 
2E. Klimeck and M. J. Berry, Chern. Phys. Lett. 20, 141 (1973). 
3G. D. Hayman (private communication to IUPAC subcommittee, 

1991). 

CF3COF + hv ~ products 

Primary photochemical processes 

(1) 
(2) 
(3) 

t:Ji /kJ'mol- J 

146 

-255 

Absorption cross-section data 

Reference 

Rattigan, Jones and Cox, 19911 

Quantum yield data 

819 

Comments 

(a) 

(a) Absolute absorption cross-sections measured using a 
dual beam diode array spectrometer over the tem
perature range 240-300 K. The UV spectrum of 
CF3COF shows a single band with a maximum at 215 

nm(a 1.36 x 10- 19 cm2 molecule-I) extending out 
to 315 nm where there is a significant temperature 
dependence. Values of a given at 5 nm intervals at 
298 K and 240 K, as well as temperature coefficients 
in the long wavelength tail at > 270 nm. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Preferred Values 

Absorption cross-sections at 293 K and 238 K 

)Jnm 1020 a/cm2 A/nm 

293 K 238K 

200 9.35 9.46 255 
205 11.5 11.6 260 
210 13.1 13.1 265 
215 13.6 13.7 270 
220 12.9 13.1 275 
225 11.1 11.4 280 
230 8.78 9.11 285 
235 6.30 6.55 290 
240 4.07 4.18 295 
245 2.35 2.30 300 
250 1.22 1.16 

ATKINSON ET AL. 

293 K 238 K 

0.552 0.491 
0.216 0.179 
0.0703 0.0465 
0.0262 0.0099 
0.0098 0.0031 
0.0031 0.0010 
0.0016 0.0004 
0.0008 0.0 
0.0003 0.0 
0.0 0.0 

Quantum Yields 
No recommendation. 

Comments on Preferred Values 
The preferred values for the cross-sections are based 

on the data reported by Rattigan et al., 1 which also 
provide the temperature dependence. 

Reference 

10. Rattigan, R. L. Jones, and R. A. Cox, J. Photochem., submitted for 
publication. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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4.7 Chlorine Species 

o + HOCI ~ HO + CIO 

.lHO = - 30 kJ'mol- 1 

Comments 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.1 There are still no experimental data 
on this reaction. In this evaluation we prefer to make no 
recommendation, rather than the estimated preferred 
value of 1 x 10- 11 exp( - 2200/T) cm3 molecule- 1s- 1 

given in our earlier evaluation.2 

References 

lIUPAC, Supplement III, 1989 (see references in Introduction). 
2CODATA, 1980 (see references in Introduction). 

o + CIO ~ CI + O2 

Mr - 230 kJ'rnol- 1 

Rate coefficient data 

k/cm3 molecule- 1 5- 1 

Absolute Rate Coefficients 
(3.5 ± 0.5) x 10- 11 

1.55 X 10- 11 exp[(263 ± 60)/T] 
(3.8 ± 0,6) x 10- 11 

XeLative Rate Coefficients 
(3.5 ± 0.6) x 10- 11 

2.61 X 10- 11 exp[(97 ± 64)/T) 

Reviews and Evaluations 
3,8 X 10- 11 

3.0 X 10- 11 exp(70IT) 

Comments 

Temp./K 

252-347 
231-367 
298 

298 
22(}-387 

20(}-300 
20(}-300 

(a) Discharge flow system with LMR detection of CIO 
radicals and resonance fluorescence detection of 
Oep) and CI atoms. Pseudo-first order decay of 
Oep) atoms in the presence of excess CIO and decay 
of CIO in the presence of excess OCP) gave good 
agreement for the rate coefficient k. No discernible 
temperature dependence over the range studied. 
Pressure range 0.8 2.0 Torr. 

(b) Dual laser flash photolysis system with resonance 
fluorescence detection in slow flow reactor. CIU 
produced by reaction of excess CI, produced by 351 
nm excimer laser photolysis of Ch, with known 
amount of 0 3• Oep) produced by 266 nm laser pho
tolysis of CIO after appropriate delay time. Oep) 
monitored by time-resolved resonance fluorescence. 
The measured Oep) atom decay rate was corrected 
for losses due to reaction with Ch and other routes. 
Pressure range 15 - 500 Torr, M :::::: N2• No pressure 
effect on k. 

Reference 

~chwab et aL" 1 ~!W 
Nicovich, Wine and Ravishankara, 19882 

Ongstad and Birks, 19843 

Ongstad and Birks, 19864 

IUPAC, 19895 

NASA,19906 

Comments 

(a) 
(b) 

(c) 
(c) 

(d) 
(e) 

(c) Discharge flow system with detection of OCP) by 
NO + 0 + M chemiluminescence in presence of 
excess CIO. (CIO] determined indirectly by in·situ 
conversion to N02 by addition of NO and k measured 
relativetok(O + N02~NO + 02) = 6.58 x 10- 12 

exp(142 ± 23)/T] cm3 molecule- l S-I, determined in 
the same system concurrently. Pressure = 2.3 Torr. 
No effect of 02 at 230 K. 

(d) See Comments on Preferred Values. 
(e) Based on a least-squares fit to the data from Leu,' 

Margitan,s Schwab et ai.,l Ongstad and Birks,3,4 Zah
niser and Kaufman ll and Nicovich et al:J. 

Preferred Values 

k = 3.8 X lO-1l cm3 mo)ecuIe- 1 S-1 over the tempera
ture range 200-300 K. 

Reliability 
~log k = ±O.l at 298 K. 
~(E/R) = ±250 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.s The most recent studies all give val
ues of k298 K about 30% lower than the earlier work of 
Bemand et al.9 and Clyne and Nip.lO The two most recent 
studies2

•
4 give a negative temperature dependence, in 

contrast to the earlier work which showed zero or positive 
temperature coefficients. The preferred value is indepen
dent of temperature and is obtained by averaging the 298 
K values from Schwab et al.,1 Nicovich et al.,2 Ongstad 
and Birk3

•
4 Leu,7 Margitan8 and Zahniser and KaufmanY 

The uncertainty on E /R allows for a temperature depen
dence consistent with all studies. Leu and Yung12 have re
cently shown that the yields of 02CLl) and 02CI) in the 
reaction are < 2.5 x 10-2 and (4.4 ± 1.1) x 10-4

, re-

spectively. 
References 

IJ. J. Schwab, D. W. Toohey, W. H. Brune, and J. G. Anderson, J. 
Geophys. Res. 89, 9581 (1984). 

2J. M. Nicovich, P. H. Wine, and A. R. Ravishankara, J. Chern. Phys. 89, 
5670 (1988). 

3A. P. Ongstad and J. W. Birks, J. Chern. Phys. 81, 3922 (1988). 
4A. P. Ongstad and J. W. Birks, J. Chern. Phys. 85, 3359 (1986). 
5IUPAC, Supplement III, 1989 (see references in Introduction). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
'M. T. Leu, J. Phys. Chern. 88, 1394 (1984). 
IIJ. J. Margitan, J. Phys. Chern. 88, 3638 (1984). 
9P. P. Bemand, M. A. A. Clyne, and R. T. Watson, J. Chern. Soc. Fara
day Trans. 1, 69, 1356 (1973). 

111M. A. A. Clyne and W. S. Nip, J. Chern. Soc. Faraday Trans. 1,72,221 
(1976). 

11M. S. Zahniser and F. Kaufman, J. Chern. Phys. 66, 3673 (1977). 
12M. T. Leu and Y. Yung. Geophys. Res. Leu. 14,949 (19R7). 

o + OCIO ~ O2 + CIO 

AHO = -248 kJ'rnol- 1 

Rate coefficient data 

kfcm3 molecule-I S-I Temp./K 

Absolute Rate Coefficients 
(5 ± 2) x 10- 13 298 
(1.6 ± 0.4) x 10- 13 298 
See Comment 248-312 
2.5 X 10- 12 exp( - 950fT) 243-400 
(1.05 ± 0.21) x 10- 13 298 

Reviews and Evaluations 
5 X 10- 13 298 
2.8 x 10- 11 exp( -12oofT) 200-300 

Comments 

( a) Discharge flow system. Two independent methods 
used: Oep) decay in excess OClO determined by res
onance fluorescence, and OCIO decay in excess 
Oep) determined by MS. There was only fair agree
ment between the two methods. 

(b) Laser flash photolysis of OCIO at 308 nm, with the 
Oep) decay being determined by resonance fluores
cence. 'I'he results were extrapolated to zero laser 
flash intensity. Measurements were over the pressure 
range 10-780 Torr Ar. The observed rate coefficients 
were pressure dependent, indicating the presence of 
a termolecular association reaction. The value re
'ported was not directly measured but was derived 
from fitting a falloff curve to the experimental data 
over the entire pressure range. 

(c) Laser flash photolysis of OClO at 308 nm, with the 
OCP) decay being determined by resonance fluores
cence. The observed rate coefficients were pressure 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Bernand, Clyne, and Watson, 19731 (a) 
Colussi, 19902 (b) 
Colussi, Sander, and Friedl, 19923 (c) 
Gleason, Nesbitt, and Stief, 19914 (d) 

IUPAC, 19895 (e) 
NASA, 19906 (t) 

dependent, indicating the presence of a termolecular 
association reaction. A negative temperature depen
dence was observed, with the reported values of k in
creasing from 1.5 x 10- 13 cm3 molecule -1 s -I at 
312 K to 4.0 X 10- 13 cm3 molecu]e- I S-1 at 248 K. 
These values were not directly measured but were 
derived quantities which are consistent with falloff 
curves fitted to the experimental data over the pres
sure range 20-600 Torr Ar. 

(d) Discharge flow system with resonance fluorescence 
detection of Oep). Pressure = 1 Torr. Measure
ments were made over the temperature range 200-
400 K. The data for the temperature range 243-400 
K were fitted with the Arrhenius expression given in 
the table. Data at lower temperatures showed a neg
ative temperature dependence. 

(e) Based on the results of Bemand et al.1 

(f) Estimated Arrhenius parameters based on the 298 K 
results of Bemand et al. l 
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Preferred Values 

k = 1.0 X 10-13 cm3 molecule- 1 
S-1 at 298 K. 

k = 2.5 x 10-12 exp( - 950fT) cm3 molecule -1 s - lover 
the temperature range 240-400 K. 

Reliability 
~log k = ± 0.3 at 298 K. 
~(EfR) = ±300 K. 

Comments on Preferred Values 
The preferred values are based on the results of the 

discharge flow-resonance fluorescence study of Gleason 
ct al.4 Over the temperature range of the recommenda
tion (240-300 K), the data were well fit by the Arrhenius 
expression given, but at lower temperatures down to 
200 K there was an abrupt change to a negative tempera-

ture dependence. The extrapolated 298 K rate coefficient 
of ColussP supports this value. It appears that the exper
iments of Bemand et al.1 were complicated by secondary 
chemistry. The experiments of ColussP and Colussi et al.2 

over an extended pressure range demonstrate the impor
tance of the termolecular reaction (see separate data 
sheet on 0 + OCIO + M). 

References 

IP. P. Bemand, M. A. A. Clyne, and R. T. Watson, J. Chern. Soc. Fara
day Trans. 1, 69, 1356 (1973). 

2A. J. Colussi, J. Phys. Chern. 94, 8922 (1990). 
3A. J. Colussi, S. P. Sander, and R. R. Friedl, J. Phys. Chern. 96,4442 

(1992). 
41. F. Gleason, F. L Neshitt. and L I. Stief, presented at the Spring 

Meeting of the American Geophysical Union, Baltimore, MD, May 
1991. 

o + OCIO + M ~ CI03 + M 

MfD = -117.6 kJ'mol- 1 

low-pressure rate coefficients 

Rate coefficient data 

k,Jcm3 molecule - 1 S - 1 

Absolute Rate Coefficients 
(1.4 ± 0.3) x 10-31 [Ar] 
1.8 x 1O- 31(T/298)-1 [Ar] 

Comments 

Temp./K 

298 
248-312 

(a) Laser flash photolysis study of OCIO at pressures of 
Ar between 8 and 760 Torr. The oxygen atoms pro
duced were monitored by re5lonance fluore5lcence. 
The recombination reaction is coupled with the bi
molecular channel 0 + OCIO ~ O2 + CIO for 
which a rate constant of (1.6 ± 0.4) x 10- 13 cm3 

molecule -1 s -1 value was determined. The second or
der rate coefficients were fitted by falloff curves us
ing Fc = 0.6. A bond energy of Eo = 112.4 kJ'mol- 1 

was derived from unimolecular rate theory. The 
above Mlo value was derived from the reported value 
of MlcO(CI03) = 232.6 kJ·mol- l

. 

(b) See comment (a). Extension of measurements of 
Ref. 1; pressure range 20-600 Torr of Ar. Discussion 
of the mechanism 0 + OCIO ~ CI03*, CI03* ~ 
o + OCIO, CI03* + M ~ CI03 + M, CI03* ~ 

Reference 

Colussi, 19901 

Colussi, Sander and Friedl, 19922 

Comments 

(a) 
(b) 

CIO + O2, 0 + OCIO ~ CIO + O2 was given. Fit
It;u valut;~ uf Fe w~r~ 0.5 at 249 K, 0.48 at 273 K, and 
0.45 at 312 K. 

Preferred Values 

ko = 1.8 X 10-31(Tf298)-1 [N2] cm3 molecule- 1 S-l 

over the temperature range 250-300 K. 

Reliability 
~log ko = ± 0.3 at 298 K. 
~n = ±0.5. 

Comments on Preferred Values 
This is the first determination of rate data for this reac

tion. The preferred values correspond to falloff curves 
with Fc = 0.48 at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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High-pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 
(3.1 ± 0.8) x 1O- 11 

3.1 X 1O- 11(T/298)1 

Comments 

(a) See comment (a) for ko. 
(b) See comment (b) for ko• 

Preferred Values 

Temp./K 

298 
248-312 

kt¥; = 3.1 X 10-11(T/298)1 em3 molecu)e-l S-l over the 
temperature range 250-300 K. 

Reference 

Colussi, 19901 

Colussi, Sander and Friedl, 19922 

Reliability 
~log k«l ±O.3 at 298 K. 
~ = ±l. 

Comments on Preferred Values 
See comment on ko• 

References 

IA. J. Colussi, J. Phys. Chern. 94, 8922 (1990). 

Comments 

(a) 
(b) 

2A. J. Colussi, S. P. Sander, and R. R. Friedl 96,4442 (1992). 

o + CbO ~ CIO + cia 
MfO = - 127 kJ'mol- 1 

Rate coefficient data 

k /cm3 molecule -I s - 1 

Absolute Rate Coefficients 
2.7 x 10- 11 exp[ - (560 ± 80)/T] 
(4.1 ± 0.5) x 10- 12 

3.3 X 10- 11 exp[ - (700 ± 150)/T] 
(3.1 ± 0.5) x 10- 12 

Reviews and Evaluations 
2.9 X 10- 11 exp( -630fT) 

Comments 

Temp./K 

236-295 
295 
237-297 
297 

200-300 

(a) Discharge flow system. The pseudo-first-order decay 
of [0] in excess [ChO] detected by N02 chemilu
minescence. 

(b) Discharge flow system. The pseudo-first-order decay 
of [0] ill ~xc~ss [ChO] ut!tt!clt!u by EPR. 

(c) Based on results of Miziolek and Molina l and of 
Wecker et al.2 

Preferred Values 

k = 3.5 X 10- 12 cm3 molecule- l S-l at 298 K. 
k = 2.9 X 10-11 exp( -630fT) cm3 molecule- l S-l over 

the temperature range 235-300 K. 

Reliability 
dlog k = ±0.15 at 298 K. 
~(E/R) = ±200 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Miziolek and Molina, 19781 

Wecker, Johanssen and Schindler, 19822 

NASA, 19903 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 

The preferred value averages the results of Miziolek 
and Molina l with the approximately 30% lower values of 
Wecker et al.2 The earlier, higher results of Basco and 
Dogra4 and of Freeman and Phillips5 have not been in
cluded in derivation of the preferred value due to data 
analysis difficulties in both studies. 

References 

IA. W. Miziolek and M. J. Molina, J. Phys. Chern. 82, 1769 (1978). 
2D. Wecker, R. Johanssen, and R. N. Schindler, Ber. Bunsenges. Phys. 
Chern. 86, 532 (1982). 

3NASA Evaluation No.9, 1990 (see references in Introduction). 
4N. Basco and S. K. Dogra, Proc. Roy. Soc. London A, 323,29 (1971). 
5G. G. Freeman and L. F. Phillips, J., Phys. Chern. 72,3025 (1968). 
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o + CION02 ~ CIO + N03 (1) 

~ OCIO + N02 (2) 

~ O2 + CIONO (3) 

MfO(l) = -106 kJ'mol- 1 

MfO(2) = -138 kJ'mol- 1 

MfO(3) = -216 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 + k3) 

k/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 
(2.0 ± 0.2) x 10 - 13 

3.4 X 10- 12 exp[ - (840 ± 60)fT] 
(2.0 ± 0.4) x 10- 13 

1.9 X 10- 12 exp[ - 692 ± 167)/T] 
1.8 x 10- 13 

(2.3 ± 0.6) x 10- 13 

Reviews and Evaluations 
3.0 X 10- 12 exp( -808fT) 
2.9 x 10- 12 exp( -800fT) 

Comments 

Temp.IK 

245 
213-295 
295 
225-273 
298* 
298 

213-295 
200-300 

(a) Static flash photolysis system with resonance fluores
cence detection of OCP). 

(b) Discharge flow system with chemiluminescence de
tection of OCP). 

(c) Flash photolysis system with resonance fluorescence 
detection of OCP). 

(d) Flash photolysis system with absorption spectroscopy 
detection of OCP). 

(e) See Comments on Preferred Values. 
(f) Based on data of Molina et al.,2 Kurylo3 and Adler

Golden and Wiesenfeld.4 

Preferred Values 

k = 2.0 X 10-13 cm3 molecule- 1 S-1 at 298 K. 
k = 3.0 X 10-12 exp( -800fT) cm3 molecule- 1 S-1 over 

the temperature range 213-295 K. 

Reliability 
Alog k = ±O.l at 298 K. 
Il(EfR) = ±200 K. 

Reference 

Ravishankara et aI., 19771 

Molina, Spencer, and Molina, 19772 

Kurylo, 19773 

Adler·Golden and Wiesenfeld, 19814 

CODATA, 198OS; IUPAC, 1989/\ 
NASA,19907 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 

(d) 

(e) 
(f) 

This data sheet is largely reproduced from our prevous 
evaluation, CODATA, 1980.5 The results reported by 
Molina et al.,2 Kuryl03 and Adler-Golden and Wiesen
feld4 are in good agreement and have been used to derive 
the preferred Arrhenius expression. The value reported 
by Ravishankara et al. 1 is a factor of two greater, and this 
may possibly be attributed to secondary kinetic complica
tions, the presence of N02 as a reactive impurity, or the 
formation of reactive photolytic products. None of the 
studies reported identification of the reaction products. 

References 

1 A. R. Ravishankara, D. D. Davis, G. Smith, G. Tesi, and J. Spencer, 
Gcophys. Res. Lett. 4, 7 (1977). 

2L. T. Molina, 1. E. Spencer, and M. J. Molina, Chern. Phys. Lett. 45, 
158 (1977). 

3M. J. Kurylo, Chern. Phys. Lett. 45, 158 (1977). 
4S. M. Adler-Golden Ilnd J. R. Wicscnfdd, Chern. Phys. Lett. 82, 281 

(1981). 
5CODATA, 1980 (see references in Introduction). 
/\IUPAC, Supplement III, 1989 (see references in Introduction). 
7NASA Evaluation No, 9, 1990 (see references in Introduction). 
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OeD) + HCFCs -? products 

Rate coefficient data 

Absolute Rate Coefficients 
2.4 X 10-10 CHF2CI 
4.8 x 10- 10 CHFCh 
9.5 x 10- 11 CHF2CI 
1.9 x 10- 10 CHFCh 

Relative Rate Coefficients 
1.0 x 10- 10 CHF2Cl 
1.4 x 10- 10 CH3CF2CI 
1.5 x 10-10 CH2CICF3 

1.6 X 10-10 CH2CICF2Cl 
2.2 x 10- 10 CHChCF~ 

1.9 X 10- 10 CHFzCI 

Reviews and Evaluations 
9.5 x 10- 11 CHF;z,CI 
1.9 x 10- 10 CHFCh 
1.4 x 10- 10 CH3CF2Cl 
1.5 x 10- 10 CH3CFCh 
L5 )( 10- lO CH2CICF3 

1.6 X 10- 10 CH2CICF2Cl 
1.0 x 10- 10 CHFCICF3 

2.2 X 10- 10 CHCbCF3 

Comments 

Temp./K 

298 
298 
173-343 
173-343 

298 
298 
298 
298 
298 
298 

200---300 
200-300 
200-300 
200-300 
200-300 
200-300 
200-300 
200-300 

(a) OCD) atoms generated by flash photolysis of 0 3 and 
monitored by time-resolved resonance absorption at 
115 nm. Data analysis used the modified Beer-Lam
bert law. 

(b) Pulsed laser photolysis of 0 3 at 266 nm. OCD) atoms 
were monitored by time-resolved emission at 630 nm. 

(c) OCD) produced by photolysis of N02 at 229 nm. 
Monitored ~[HFC]h~[N20] by IR absorption spec
trometry. The measured rate coefficient ratios k/k 
(OCD) + N20) have been placed on an absolute ba
sis by usc of k(OeD) + N20) from this evaluation. 
The cited rate coefficients refer to chemical reaction 
only, and do not include physical quenching. 

(d) CHF2CI and CHFCb: based on results of Davidson 
et aZ.2 CH3CF2CI, CH2CICF3, CH2CICF2CI, and 
CHChCF3: based on results of Green and Wayne.3 

CH3CFCh and CHFCICF3: estimated by analogy. 

Preferred Values 

CHF2CI k = 9.5 X 10-11 cm3 molecule- 1 
S-1 over the 

temperature range 175-340 K. 
CHFCh k = 1.9 X 10- 10 cm3 molecule- 1 S-1 over the 

temperature range 175-340 K. 
CH3CF2CI k = 1.4 X 10- 10 cm3 molecule- 1 S-1 at 298 K. 
CH3CFCh k = 1.5 X 10- 10 cm3 molecule- 1 S-1 at 298 K. 
CH2CICF3 k = 1.5 X 10- 10 cm3 molecule- l S-1 at 298 K. 
CH2CICF2Clk = 1.6 x 10-10 cm3 molecule- 1 S-1 at 

298K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Fletcher and Husain, 19761 (a) 

(b) Davidson et al., 19782 

Green and Wayne, 19763 (c) 

Atkinson el al., 19764 (c) 

NASA,199OS (d) 

CHFCICF3 k = 1.0 X 10-10 cm3 molecule- 1 S-1 at 298 K. 
CHChCF3 k = 2.2 X 10- 10 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~log k = ±0.2 for CHF2CI and CHFCh over the tem

perature range 175-340 K. 
~log k = ± 0.3 at 298 K for CH3CF2CI, CH2CICF3, 

CH2CICF2CI, and CHChCF3. 
~log k = ± 0.5 at 298 K for CH3CFCh and CHFCICF3. 

Comments on Preferred Values 
The rate coefficients given are for the total disappear

ance of OeD) and include both physical quenching and 
chemical reaction. The rate coefficients for CHF2Cl and 
CHFCh have been determined to be temperature-inde
pendent over the range 175-340 K. Rate coefficients for 
the other HCFCs are also assumed to be temperature-in~ 
dependent by analogy with these two compounds and be
cause they have such high values at 298 K. Specific 
comments are as follows: 

Based on the results of Davidson et al.2 The 
results of the relative rate study by Green 
and Wayne,3 which refer to chemical reac
tion only, are in good agreement whereas 
those of a similar relative study by Atkinson 
et al.4 are a factor of two higher. Addison 
et al.6 reported that reaction leads to the for
mation of CIO (55 ± 10%) and to the elim
ination of HCI (40%). The latter process is 
accompanied by formation of CF2 and Oep). 
The OH yield is 5%. 
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( 'HFCh Based on the results of Davidson et al. 2 

('H3CF2CI Based on the results of Green and Wayne.3 

{ 'H3CFCh Estimated by analogy with CH3CF2Cl. 
('I-hCICF3 Based on the results of Green and Wayne.3 

('H2CICF2CIBased on the results of Green and Wayne.3 

('HFCICF3 Estimated by analogy with similar com-
pounds. 

CHChCF3 Based on the results of Green and Wayne.3 

References 

II. S. Fletcher and D. Husain, J. Phys. Chern. 80, 1837 (1976). 
2J. A. Davidson, H. I. Schiff, T. J. Brown, and C. J. Howard, J. Chern. 
Phys. 69, 4277 (1978). 

3R. G. Green and R. P. Wayne, J. Photochern. 6, 371 (1976). 
4R. Atkinson, G. M. Breuer, J. N. Pitts, Jr., and H. L. Sandoval, J. 
Geophys. Res. 81, 5765 (1976). 

5NASA Evaluation No.9, 1990 (see references in Introduction). 
tiM. C. Addison, R. J. Donovan, and J. Garraway, J. Chern. Soc. Faraday 

Discussions 67, 286 (1979). 

OC D) + CF2CI2 ~ CIO + CF2CI (1) 

~ Oep) + CF2Cb (2) 

~ COF2 + Cb (3) 

~ COFCI + FCI (4) 

L1H°(1)= -113 kj'rnol- I 

L1HO(2)= -190 kj'rnol- I 

tlIfO(3)= -580 kj'rnol- 1 

MfD(4)= -423 kj'rnol- 1 

Rate coefficient dota (Ie = 1e1 + Ie~ + Ie;, + Ie,,) 

klcrn3 rnolecule- 1 S-1 Ternp./K 

Absolute Rate Coefficients 
(1.4 ± 0.2) x 10- 10 298 

Branching Ratios 
k11k > 0.47 298 
kl/k = 0.55 ± 0.15 298 
kz/k = 0.20 ± 0.10 298 
kz/k = 0.14 ± 0.07 295 

Reviews and Evaluations 
1.4 x 10- 10 298 
1.4 x 10- 10 298 

Comments 

(a) Laser flash photolysis of 0 3 at 248 nm. The time re
solved production of Oep) was monitored by reso
nance absorption at 130 nrn. 

(b) Flash photolysis with plate photometric detection 
(ultraviolet absorption) of CIO and OJ. 

(c) Flash photolysis. Plate photometric detection of CIO 
and resonance absorption detection of Oep) at 130 
nm. Channels (1) and (2) were shown to be the dom
inant, but not necessarily exclusive, pathways. 

(d) The rate constant for the quenching channel, k2, was 
determined to be (2 ± 1) x 10- 11 em3 

molecule- 1 S-l. 

(e) See Comments on Preferred Values. 
(f) Based on the results of Davidson et a/.7 and Force 

and Wiesenfeld.1 

Reference Comments 

Force and Wiesenfeld, 1981 1 (a) 

Gillespie, Garraway, and Donovan, 19772 (b) 
Donovan, 198~ (c) 

Force and Wiesenfeld, 1981 1 (a,d) 

CODATA, 19824
; IUPAC, 19895 (e) 

NASA,1990ti (f) 

Preferred Values 

k = 1.4 X 10- 10 cm3 molecule- 1 
S-1 at 298 K. 

kJk = 0.15 at 298 K. 

Reliability 
~log k = ±O.l at 298 K. 
~(kzlk) = ± 0.1 at 298 K. 

Comments on Preferred Values 
This data sheet is largely reproduced from our previous 

evaluation, CODATA, 1982.4 The preferred values are 
based on the results of Force and Wiesenfeld1 and David
son et al.,7 which are in excellent agreement. The weight 
of evidence from many OC D) rate studies suggests that 
the results of Fletcher and Husain8 contain a systematic 
error. The results from the relative rate coefficient stud
ies9

-
11 were not considered in this evaluation. However, 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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combining the values of k/k(OID + NzO) reported in 
references9 and II with the IUP AC preferred value for 
k(OlD + N20) yields values of k in good agreement with 
the preferred value. Both Donovan3 and Force and 
Wiesenfeld1 report that the quenching channel (2) is a 
significant removal pathway for OeD). Consequently, 
preferred values are given for both the overall rate con
stant, k, and for the branching ratio kJk. 

References 

lA. P. Force and J. R. Wiesenfeld, J. Phys. Chern. 85, 782 (1981). 
2H. M. Gillespie, J. Garraway, and R. J. Donovan, J. Photochem. 7,29 

(1977). 
3R. J. Donovan, private communication (1980). 
4CODATA, Supplement I, 1982 (see references in Introduction). 
sIUPAC, Supplement III, 1989 (see references in Introduction). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
7J. A. Davidson, H. I. Schiff, T. J. Brown, and C. J. Howard, J. Chern. 
Phys. 69, 4277 (1978). 

81. S. Fletcher and D. Husain, 1. Phys. Chern. 80, 1837 (1976). 
9R. K. Jayanty, R. Simonaitis, and J. Heicklen, J. Photochem. 4, 381 

(1975). 
HlR. Atkinson, G. M. Breuer, J. N. Pitts, Jr., and H. L. Sandoval, J. 
Geophys. Res. 81, 5765 (1976). 

llR. G. Green and R. P. Wayne, J. Photochem. 6, 371 (1977). 

OCO) + CFCh ~ CIO + CFCI2 (1) 

- Oep) + CFCb (2) 

~ COFCI + Cb (3) 

~ COCh + FCI (4) 

AlfO(I)= -141 kJ'mol- 1 

Alr(2)= -190 kJ'mol- 1 

Alr(3)= -581 kJ'mol- 1 

Alr(4)= -425 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 + k3 + k4) 

k/cm3 molecule- 1 S-l Temp./K 

Absolute Rate Coefficients 
(2.4 ± 0.2) x 10- 10 295 

Branching Ratios 
kl/k > 0.39 298 
kl/k = 0.6 ± 0.15 298 

. k2lk = 0.25 ± 0.10 298 
k2lk = 0.13 ± 0.04 295 

Reviews and .t:;vaiuations 
2.3 x 10- 10 298 
2.3 x 10- 10 298 

Comments 

(a) Laser flash photolysis of 0 3 at 248 nm. The time re
solved production of Oep) was monitored by reso
nance absorption at 130 nm. 

(b) Flash photolysis with plate photometric detection 
(ultraviolet absorption) of CIO and 0 3• 

( c) Flash photolysis. Plate photometric detection of CIO 
and resonance absorption detection of Oep) at 130 
nm. Channels (1) and (2) were shown to be the dom
inant, but not necessarily exclusive, pathways. 

(d) The quenching rate constant, k2' was determined to 
be (3 ± 1) x 10- 11 cm3 molecule- I S-I. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Force and Wiesenfeld, 19811 (a) 

Gillespie, Garraway, and Donovan, 19772 (b) 
Donovan, 19803 (c) 

Force and Wiesenfeld, 19811 (a,d) 

CODATA, 19824
; IUPAC, 19S95 (e) 

NASA,19906 (f) 

(e) See Comments on Preferred Values. 
(f) Based on the results ot Davidson et al.' and Force 

and Wiesenfeld.1 

Preferred Values 

k = 2.3 X 10- H) em3 moIeeuIe- 1 S-1 at 298 K. 
kJk = 0.16 at 298 K. 

Reliability 
~log k = ±0.1 at 298 K. 
~(kik) = ±0.1 at 298 K. 
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( 'omments on Preferred Values 
This data sheet is largely reproduced from our previous 

evaluation, CODATA, 1982.4 The preferred values are 
hased on the results of Force and Wiesenfeld l and David
... on et al., 7 which are in excellent agreement. The weight 
of evidence from many OeD) rate studies suggests that 
the results of Fletcher and Husain8 contain a systematic 
error. 

The results from the relative rate coefficient studies9
,l0 

were not considered in this evaluation. However, 
combining the values of k/k(OID + N20) reported in 
references 9 and 10 with the IUPAC preferred value for 
k (OeD) + N20) yields rate coefficients in good agree
ment with the preferred value. Both Donovan3 and Force 
and Wiesenfeld l report that the quenching channel (2) is 
.1 significant removal pathway for OeD). Consequently, 
preferred values are given for both the overall rate con
~tant, k, and for the branching ratio k-Jk. 

References 

lAo P. Force and J. R. Wiesenfeld, J. Phys. Chern. 85, 782 (1981). 
2H. M. Gillespie, J. Garraway, and R. J. Donovan, J. Photochem. 7, 29 

(1977) . 
3R. J. Donovan, private communication (1980). 
4CODATA, Supplement I, 1982 (see references in Introduction). 
5IUPAC, Supplement III, 1989 (see references in Introduction). 
liNASA Evaluation No.9, 1990 (see references in Introduction). 
7J. A. Davidson, H. I. Schiff, T. J. Brown, and C. J. Howard, J. Chern. 
Phys. 69, 4277 (1978). 

HI. S. Fletcher and D. Husain, J. Phys. Chern. 80, 1837 (1976). 
'1R. K. Jayanty, R. Simonaitis, and J. Heicklen, J. Photochem. 4, 381 

(1975). 
lOR. Atkinson, G. M. Breuer, J. N. Pitts, Jr., and H. L. Sandoval, J. 
Geophys. Res. 81, 5765 (1976). 

OCO) + CCI4 ~ CIO + CCb (1) 

~ Oep) + CCI4 (2) 

~ COCI2 + Cb (3) 

M{°(I)= -170 kJ'mol- J 

M{°(2)= -190 kJ'mol- 1 

M{O(3) = - 563 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 + k3) 

k/cm3 molecule- l S-1 Temp.1I< 

Absolute Rate Coefficients 
(3.5 ± 0.3) x 10- 10 295 

Branching Ratios 
k2ik = 0.14 ± 0.06 295 

Reviews and Evaluations 
3.3 x 10- 10 298 
3.3 X 10- 10 298 

Comments 

(a) Laser flash photolysis of 0 3 at 248 nm. The time pro
duction of OCP) was monitored by resonance ab
sorption at 130 nm. 

(b) The quenching rate constant, k 2, was determined to 
be (4.9 ± 2) x 10- II cm3 molecule- 1 S-I. 

(c) See Comments on Preferred Values. 
(d) Based on the results of Davidson et al.s and Force 

and Wiesenfeld. l 

Preferred Values 

k = 3.3 X 10- 10 cm3 molecule- 1 
S-l at 298 K. 

kJk = 0.14 at 298 K. 

Reference Comments 

Force and Wiesenfeld, 1981 1 (a) 

Force and Wiesenfeld, 1981 1 (b) 

CODATA, 19822; IUPAC, 19893 (c) 
NASA,19904 (d) 

Reliability 
Lllog k ± 0.1 at 298 K. 
Ll(kJk) = ±0.1 at 298 K. 

Comments on Preferred Values 
This data sheet is largely reproduced from our previous 

evaluation, CODATA, 1982.2 The preferred values are 
based on the results of Force and Wiesenfeld l and David
son et al.,s which are in excellent agreement. The weight 
of evidence from many OeD) rate studies suggests that 
the data of Fletcher and Husain6 contain a systematic er
ror. The results from the relative rate coefficient study7 

was not considered in this evaluation. Combining the 
value of k/k(OID + N20) reported in reference7 with the 
IUPAC preferred value of k(OID + N20) yields a value 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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-25% lower than the preferred value. The observation 
of a quenching channel in this reaction is consistent with 
the results from the OeD) atom reactions with CF2Ch 
and CFCh. Consequently, preferred values are given for 
both the overall rate constant, k, and for the branching 
ratio kz/k. 

References 

lAo P. Force and J. R. Wiesenfeld, J. Phys. Chern. 85, 782 (1981). 
2CODATA, 1980 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
"J. A. DZlvid:son, H. I. Schiff, T. J. Brown, and C. J. Howard, J. Chem. 

Phys. 69, 4277 (1978). 
61. S. Fletcher and D. Husain, J. Phys. Chern. 80, 1837 (1976). 
7R. K. Jayanty, R. Simona it is, and J.HeickJen, J. Photochem. 4, 381 

(1975). 

OC D) + COFCI ~ products 

Rate coefficient data 

klcm3 moiecuie- 1 S-1 

Absolute Rate Coefficients 
(3.7 ;:!;; 0.4) x 10-)0 

Relative Rate Coefficients 
1.1 x 10- 10 

3.2 X 10- 10 

Reviews and Evaluations 
1.9 x 10- 10 

Comments 

Temp./K 

298 

298 
298 

298 

(a) Flow system used, with OeD} atoms being monitored 
by time-resolved resonance absorption at 115 nm. 
The data analysis used modified Beer-Lambert law. 

(b) Photolysis of 03-N2Q-COFCI mixtures at 254 nm. 
Rate of formation of N2 measured. Value of k 
derived from measured rate coefficient ratio. k/ 
k(OeD) + N20) = 0.96, and k(OCD) + N20) == 
1.16 x 10-10 cm3 molecule- 1 S-1 (this evaluation). 

(c) Photolysis of N02 at 229 nm. COFCI and N20 moni
tored by infrared absorption spectroscopy. Value of k 
derived from measured rate coefficient ratio, kd 
k(OCD) + N20) = 2.8 ± 0.4, and k(OeD) + N20) 
= 1.16 x 10-10 cm3 molecule- 1 S-1 (this evaluation). 
Note that this is based on measurement of the rate of 
loss of COFC} and so does not include simple physi
cal deactivation. 

(d) Based on results of Fletcher and Husain, 1 multiplied 
by a scaling factor of 0.5. 

Preferred Values 

k = 1.9 X 10-10 cm3 molecule- 1 S-1 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Flcldn:r amJ Husaiu, 19781 

Jayanty, Simonaitis, and Heicklen, 19762 

Atkinson et ai., 19753 

NASA,19904 

Reliability 

dlog k = ±0.3. 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

(d) 

The preferred value is derived from the data of 
Fletcher and Husain l by use of a scaling factor of 0.5. The 
weight of evidence from many OeD) rate studies suggests 
that OeD) rates reported by Husain and co-workers l 

contain a systematic error, and that these results can be 
made consistent with other OeD) recommended values 
in this evaluation by use of this scaling factor. 

References 

11. S. Fletcher and D. Husain, J. Photochem. 8, 355 (1978). 
2R. K. M. Jayanty, R. Simonaitis, and J. Heicklcn, J. Photochem. 5,217 

(1976). 
3R. Atkinson, G. M. Breuer, J. N. Pitts, Jr., and H. L Sandoval, J. 

Geophys. Res. 81, 5765 (1976). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
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OeD) + COCI2 ~ products 

Rate coefficient data 

Temp./K 

I h\O[ute Rate Coefficients 
(7.1 ± 0.9) x to- 1O 298 

IMative Rate Coefficients 
1.8 X to- 10 298 

/(cl'lews and Evaluations 
3.6 X to- 1O 298 

Comments 

(a) Flow system. OeD) atoms monitored by time-re
solved resonance absorption at 115 nm. The data 
analysis used a modified Beer-Lambert law. 

(b) Photolysis of 03-N20-COCh mixtures at 254 nm. 
The rate of formation of N2 was measured. The value 
of k was derived from the measured rate coefficient 
ratio, k/k(OCD) + N20) = 1.57 and k(OCD) + 
N20) = 1.16 x 10- 10 cm3 molecule- 1 S-l (this evalu-
ation). The authors interpreted the high yields of CO 
as evidence that the reaction channel to produce 
CIO + CICO is important. 

(c) Based on the results of Fletcher and Husain 1 multi
plied by a scaling factor of 0.5. 

Preferred Values 

k 3.6 X 10- 10 cm3 molecule- 1 S-1 at 298 K. 

Reference Comments 

Fletcher and Husain, 19781 (a) 

Jayanty, Simonaitis, and Heicklen, 19762 (b) 

NASA,19903 (c) 

Reliability 
dlog k = ± 0.3. 

Comments on Preferred Values 
The preferred value is derived from the data of 

Fletcher and Husain1 by use of the scaling factor of 0.5. 
The weight of evidence from many OCD) atom rate stud
ies suggests that OCD) rates reported by Husain and co
workers1 contain a systematic error, and that these results 
can be made consistent with other OCD) recommended 
values in this evaluation by use of this scaling factor. Note 
that Jayanty et al.2 present evidence, based on high yields 
of CO, that the reaction channel to produce CIO + 
CICO is very important. 

References 

11. S. Fletcher and D. Husain, J. Photochem. 8, 355 (1978). 
2R. K. M. Jayanty, R. Simonaitis, and J. Heicklen, J. Photochem. 5, 217 

(1976). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 

CI + H2 ~ HCI + H 

AHO = 4.6 kJ'mol- 1 

Rate coefficient data 

k/cm3 molecule- 1 S-1 Temp./K Reference Comments 

Absolute Rate Coefficients 
3.6 x 10- 11 cxp[ ~ (231O/T)] 200-500 Miller and GordoJl, 1981 1 (a) 
(1.5 ± 0.2) X 10- 14 298 
6.0 X 10- 11 exp[ - (2470 ± 100)/T)] 297-425 Kita and Stedman, 19822 (b) 
(1.46 ± 0.22) X 10- 14 297 

Reviews and Evaluations 
3.7 X 10- 11 exp( - 2300/T) 200-300 CODATA, 19843; IUPAC, 19894 (c) 
3.7 X 10- 11 exp(-2300/T) 200-300 NASA,19905 (d) 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Flash photolysis-resonance fluorescence technique. 
Also measured rate coefficients for reverse reaction 
by same technique and found the rate coefficient ra
tio to agree with equilibrium constant data. 

(b) Discharge flow-resonance fluorescence technique. 
Also measured rate coefficient for reverse reaction 
by same technique and found the rate coefficient ra
tio to agree with equilibrium constant data. 

(c) See Comments on Preferred Values. 
(d) Based on data below 300 K reported by Watson 

et al.,6 Lee et al.,7 Miller and Gordon l and Kita and 
Stedman? 

Preferred Values 

k = 1.6 X 10-14 cm3 molecule- 1 S-1 at 298 K. 
k = 3.7 X 10-11 exp( -2300/T) cm3 molecule- 1 

S-1 

over the temperature range 200-300 K. 

Reliability 
Alog k = ±O.l at 298 K. 
Il(E/R) = ±200 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.3 The preferred value is derived 

from a least-squares fit to data below 300 K reported by 
Watson et al.,6 Lee et al.,1 Miller and Gordon! and Kita 
and Stedman.2 The results of these studies are in excel
lent agreement below 300 K; at higher temperatures the 
data are in poorer agreement. After extrapolation, the re
sults of Watson et al.,6 Miller and Gordon! and Kita and 
Stedman2 agree with the results of Benson et al.8 and 
Steiner and Ridea1.9 Note that the two newest studies··2 

have measured both the forward and reverse rates and 
have shown that the rate coefficient ratio agrees with 
equilibrium constant data. 

References 

IJ r. Miller }Inri R J (lorcion, J rhem. Phys. 75, 5305 (1991). 
2D. Kita and D. H. Stedman, J. Chern. Soc. Faraday Trans. 2, 78, 1249 

(1982). 
3CODATA, Supplement II, 1984 (see references in Introduction). 
4IUP AC. Supplement III. 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6R. T. Watson, E. S. Machado, R. L. Schiff, S. Fischer, and D. D. Davis, 
Proceedings of the 4th ClAP Conference, DOT-OST-75, 1975. 

7J. H. Lee, J. V. Michael, W. A. Payne, L. J. Stief, and D. A. Whytock, 
J. Chern. Soc. Faraday Trans. 1, 73, 1530 (1977). 

liS. W. Benson, F. R. Cruickshank, and R. Shaw, Int. J. Chern. Kinet.l, 
29 (1969). 

9H. Steiner and E. K. Rideal, Proc. R. Soc. London Ser. A, 173,503 
(1939). 

CI + H02 ~ HCI + O2 (1) 

Mr(l) = -228 kJ'mol- 1 

Mr(2) = 5.4 kJ'mol- 1 

Absolute Rate Coefficients 
(4.23 ± 0.07) x 10- 11 

k, = (4.4 ± 1.5) x 10- 11 

k2 = (9.4 ± 1.2) x 10- 12 

Branching Ratios 
k'}k 1.09 exp( - 478fT} 

Reviews and Evaluations 
kl = 1.8 X 10- 11 exp(170fT) 
k2 = 4.1 X lO-l1 exp( -450fT) 
kl = 1.8 X lO-11 exp(170IT) 
k2 = 4.1 X lO-l1 exp( -450fT) 

~ CIO + HO (2) 

Rate coefficient data (k = k t + k2 ) 

Temp.1K 

250-414 
308 

250-414 

250-420 
250-420 
250-420 
250-420 

Reference 

Lee and Howard, 19821 

Cattell and Cox. 19862 

Lee and Howard, 19821 

CODATA, 19843; IUPAC, 19894 

NASA, 19905 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Comments 

(a) 
(b) 

(a) 

(c) 

(d) 
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Comments 

(a) Discharge flow system with LMR detection of H02, 

HO, and CIO. On the basis of the temperature inde
pendent overall rate coefficient and the temperature 
dependent branching ratio, the authurs derived the 
rate coefficient expressions kl = 1.8 X 10- 11 

exp[(170 ± 80)/T] cm3 molecule- 1 
S-1 and k2 

4.1 x 10- 11 exp[ - (450 ± 60)/T] cm3 molecule- 1 

S-I •. 

(b) Molecular modulation technique over the pressure 
range 50-760 Torr. 

(e) See Comments on Preferred Values. 
(d) Based on direct study of Lee and Howard,! sup

ported by room temperature results of Cattell and 
Cox.2 

Preferred Values 

kl = 3.2 X 10- 11 cm3 molecu]e- 1 S-1 at 298 K. 
k2 = 9.1 X 10- 12 cm3 mo)ecu]e- 1 S-1 at 298 K. 
kl 1.8 X 10- 11 exp(170/T) cm3 molecuIe- 1 S-1 over 

the temperature range 250-420 K. 
k2 = 4.1 X 10- 11 exp( -450/T) cm3 molecule- 1 S-1 over 

the temperature range 250-420 K. 

Reliability 
alog kl = ± 0.2 at 298 K. 
alog k2 = :t 0.3 at 298 K. 
a(El/R) = A(EiR) = ±250 K. 

Comments on Preferred Values 
This data sheet is largely reproduced from our earlier 

evaluation, CODATA, 19843 and incorporates the Com-

6J[0 = -63 kJ'mol- 1 

ment in IUPAC, 1989.4 The preferred values for kl and k2 
are based on results of the direct study by Lee and 
Howard.1 These expressions were derived by the authors 
from data on the overall rate coefficient and the branch
ing ratio. The total rate coefficient is temperature inde
pendent over the range 250-420 K with a value of 4.2 x 
10- 11 cm3 molecu]e- 1 S-I. The room temperature results 
of Cattell and Cox2 are in good agreement with this rec
ommendation. Based on "the combined results of these 
two studies, neither channel shows any pressure depen
dence between I mbar and 1 bar showing that stabiliza
tion of the HOOCI* intermediate does not occur and that 
the two bimolecular channels make up the entire reaction 
pathway. Results of earlier indirect studies6-9 were not 
used. 

Thc value of k2 combined with the rate coefficient 
k (CIO + HO ~ Cl + H02) [this evaluation] leads to a 
heat of formation of H02 at 298 K of 13.8 kJ·mol- 1

, in 
reasonably good agreement with the value of Mlr(H02) 
= 10.5 kJ'mol- 1 of Howard. 1O 

References 

1Y._P. Lee and e. 1. Howard, 1. Chern. Phys. 77, 756 (1982). 
2F. C. Cattell and R. A. Cox. J. Chern. Soc. Faraday Trans. 2. 82. 1413 

(1986). 
3CODATA, Supplement II, 1984 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6M. T. Leu and W. B. DeMore, Chern. Phys. Leu. 41, 121 (1976). 
7G. Poulet, G. Le Bras, and J. Cornbourieu, 1. Chern. Phys. 69, 767 

(1978). 
!II. P. Burrows, D. I. Cliff, G. W. Harris, B. A. Thrush, and 1. P. T. 

Wilkinson, Proc. Roy. Soc. (London) A368, 436 (1979). 
9R. A. Cox, Int. J. Chern. Kinet. 12, 649 (1980). 
lOe. J. Howard, J. Am. Chern. Soc. 102, 6937 (1980). 

Rate coefficient data 

k/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 
5.2 X 10- 13 

6.2 X 10- 13 

1.24 X 10- 12 exp[ -(384 ± 168)IT] 
(3.6 ± 0.5) x 10- 13 

(4.0 ± 0.4) x 10- 13 

1.05 X 10- 11 exp[ - (982 ± 102)/T] 
(4.1 ± 0.2) x 10- 13 

Reviews and Evaluations 
1.1 x 10 -11 exp( - 980/T) 
1.1 x 10 - 11 exp( - 980/T) 

Temp./K 

298 
295 
265-400 
299 
298 
298-424 
298 

265-424 
200-300 

Reference 

Watson et al., 19761 

Leu and DeMore, 19762 

Michael et ai., 19773 

Poulet et al., 19784 

Keyser, 1980S 

CODATA, 19806
; IUPAC, 19897 

NASA,19908 

Comments 

(a) 
(b) 
(c) 

(b) 
(d) 

(e) 
(f) 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

( a) Flash photolysis system with resonance fluorescence 
detection of Cl. 

(b) Discharge flow system with MS detection of H20 2• 

(c) Flash photolysis system in a flowing reactor cell with 
resonance fluorescence detection of Cl. 

(d) Discharge flow system with resonance fluorescence 
detection of CI. A fast flow sampling procedure lim
ited H20 2 decomposition to less than 5%. 

(e) See Comments on Preferred Values. 
(t) Based on results of Keyser.5 

Preferred Values 

k = 4.1 X 10- 13 cm3 molecule- I S-I at 298 K. 
k = 1.1 x 10-11 exp( - 980/1 ') cm3 molecule -1 s - lover 

the temperature range 265-424 K. 

Reliability 
Alog k = ± 0.2 at 298 K. 
Il.(E /R) = ± 500 K. 

Comments on Preferred Values 
This data sheet is largely reproduced from our previous 

evaluation, CODATA, 1980.6 The room temperature rate 

coefficients reported in references 1-5 range from (3.e) 
6.2) x 10- 13 cm3 molecule- 1 S-I. The studies of Michael 
et ai.,3 Poulet et al.4 and Keyser are considered to be the 
most reliable. The recommended Arrhenius expression i~ 
that reported by Keyser.5 The data of Michael et al.3 be· 
low 300 K are in good agreement; however, theA-factor 
reported is considerably lower than that expected from 
theoretical considerations and may possibly be attributed 
to decomposition of H202 above 300 K. More data arc 
required before the Arrhenius parameters can be consid· 
ered to be well established. Heneghan and Benson9 usinlt 
mass spectrometry confirmed that this reaction proceed!! 
only by the H-atom abstraction mechanism. 

References 

lR. T. Watson, G. Machado, S. Fischer, and D. D. Davis, J. Chern. Phys. 
65, 2126 (1976). 

2M. T. Leu and W. B.DeMore, Chern. Phys. Lett. 41, 121 (1976). 
3J. V. Michael, D. A. Whytock, J. H. Lee, W. A. Payne, and L. J. Stid, 

J. Chern. Phys. 67, .3~3.3 (1971). 
4G. Poulet, G. Le Bras, and J. Cornbourieu, J. Chern. Phys. 69, 767 

(1978). 
5L. F. Keyser, J. Phys. Chern. 84, 11 (1980). 
"CODATA, 1980 (l>t::t:: Idt::lt::II\:t::l> ill IlIhuJuCliulI). 

7IUPAC, Supplement III, 1989 (see references in Introduction). 
KNASA Evaluation No.9, 1990 (see references in Introduction). 
9S. P. Heneghan and S. W. Benson, Int. J. Chern. Kinet.15, 1311 (1983). 

CI + O2 + M ~ CIOO + M 

Air = -23.8 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

ko/cm3 molecule -1 S-1 

Absolute Rate Coefficients 
(8.9 ± 2.9) X 10-33 [02] 

1.6 X 1O- 33(TI300)-2.9 [02] 
6.4 X 10-33 [07] 
1.4 X 1O-33(T/300)-39 [N2] 

Reviews and Evaluations 
1.7 x 10-33 [N7] 
2.7 X 1O-33(T/300)-lS [air] 

Comments 

Temp./K 

186.5 
160-260 
186.5 
160-260 

298 
200-300 

(a) Laser flash photolysis of Clr 0 2 mixtures at 181-200 
K and O2 pressures of 15-40 Torr. Resonance fluo
rescence detection of Clep3/2). An equilibrium con
stant for the reaction of Kp = 18.9 atm- 1 was 
determined at 185.4 K. 

(b) Laser flash photolysis of Clr02-M mixtures with M 
= He, Ar, O2 and N2, with CIOO detection through 
UV absorption at 248 nm. Redetermination of the 
CIOO absorption cross section gave <1(248 nm) = 
3.4 X 10-17 cm2 molecule-I. Measurements over the 
temperature range 160-260 K and pressure range 1-

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Nieovich el a/., 1991 1 

Baer el al., 19912 

IUPAC. 19893 

NASA,19904 

Comments 

(a) 
(b) 

(e) 
(d) 

1000 bar were in agreement with Ref. S. Negligible 
deviations from third-order behavior were observed 
at pressures below 10 bar. At higher pressures, an 
anomalous transition to a high pressure plateau was 
observed. This and the anomalously strong tempera
ture dependence suggest a radical-complex mecha
nism. An equilibrium constant of Kp = 5.3 X 10-6 

exp(23.4 kJ'mol- I /RT) bar- 1 was determined over 
the range 180-300 K. 

( c) Based on the limited data from Ref. 6. 
(d) Based on preliminary data from Ref. 1 and a temper

ature dependence calculated7 for an assumed energy
transfer mechanism of the reaction. 
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Preferred Values 

ku = 1.4 X 10-33(TI300)-3.9 [N2] cm3 molecule- 1 S-1 

lIver the temperature range 160-300 K. 
ko = 1.6 X 10-33(T/300)-29 [02] cm3 molecule- 1 S-1 

lIver the temperature range 160-300 K. 

Nl'liability 
dlog ko = ± 0.2 at 200 K. 
Iln = ±1. 

( 'omments on Preferred Values 
The two recent determinations are in good agreement 

,Illd are also consistent with the older data of Ref. 6, if 
(lIle takes into account the strong temperature depen
dence of ko. The most extensive meaSUlemeJlts of Ref. 2 
. Ire the basis for the preferred value. No falloff expres-

sions are reported here, because deviations from third
order behavior become apparent only at pressures higher 
than 10 bar and because the falloff formalism does not 
apply to the radical-complex mechanism operating in this 
case. MlO is obtained from the analysis of Ref. 2. 

References 

IJ. M. Nicovich, K. D. Kreutter, C. J. Shackelford, and P. H. Wine, 
Chern. Phys. Lett. 179,367 (1991). 

zS. Baer, H. Hippler, R. Rahn, M. Siefke, N. Seitzinger, and J. Troe, J. 
Chern. Phys. 95, 6463 (1991). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5R. L. Mauldin III, J. B. Burkholder, and A. R. Ravishankara 96, 2582 

(1992). 
6J. E. Nicholas and R. G. W. Norrish, Proc. Roy. Soc. London Ser. A 
301,391 (1968). 

7R. Patrick and D. M. Golden, Int. J. Chern. Kinet. 15, 1189 (1983) . 

CIOO + M ~ CI + O2 + M 

.l.11° - 23.8 kJ "mo)- I 

Absolute Rate Coefficients 
1.9 X 10- 14 [Oz] 
2.8 X 10- 10 exp( -1820/T) [N2] 

6.2 X 10- 13 [Nz] 
6.3 X 10- 10 exp( - 2030/T) [Oz] 
1.1 X 10- 14 [Oz] 

Reviews and Evaluations 
1.5 X 10-8 exp( - 3285/T) [N2] 

2.4 X 10- 13 [Nz] 
1.1 x 10-12 [air] 

Comments 

Temp./K 

185.4 
160-260 
298* 
160-260 
185.4 

200-300 
298 
298 

( a) From measurements of the reverse reaction and the 
equilibrium constant. 

(b) Based on the data of Refs. 5 and 6. 
(c) Based on the data of Ref. 1 and calculations of the 

equilibrium constant, using MifO(CIOO) = 97.5 
kJ'mol- 1 as in this evaluation. Estimated tempera
ture dependence for the reverse reaction assuming 
an energy transfer mechanism. 

Preferred Values 

ko = 6.2 X 10- 13 [N2] S-1 at 298 K. 
ko = 2.8 X 10- to exp( -1820IT) [N2] S-1 over the tem

perature range 200-300 K. 

Reliability 
~log ko ± 0.3 at 298 K. 
d(EIR) = ±200K. 

Reference 

Nicovich et ai., 1991 1 

Baer et ai., 1991 2 

IUPAC, 19893 

NASA,19904 

Comments on Preferred Values 

Comments 

(a) 
(a) 

(b) 

(c) 

The preferred values are based on the most extensive 
data of Ref. 2. No falloff effects are observed at pressures 
below 1 bar. The reaction probably UUt;S nul proceed via 
an energy transfer mechanism (see comments on the re
verse reaction Cl + O2 + M ~ CIOO + M). 

References 

IJ. M. Nicovich, K. D. Kreutter, C. J. Shackelford, and P. H. Wine, 
Chern. Phys. Lett. 179, 367 (1991). 

2S. Baer, H. Hippler, R. Rahn, M. Siefke, N. Seitzinger, and J. Troe, 
J. Chern. Phys. 95, 6463 (1991). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5R. D. Ashford, N. Basco, and 1. E. Hunt, Int. J. Chern. Kinet. 10, 1233 

(1978). 
6R. A. Cox, R. G. Derwent, A. E. J. Eggleton, and H. J. Reid, J. Chern. 

Soc. Faraday Trans. 1, 75, 1648 (1979). 
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MI" = -162 kJ'mol- 1 

Rate coefficient data 

k/cm3 molecule- 1 S-l 

Absolute Rate Coefficients 
2.49 x 10- 11 exp[ -(233 ± 46)/T] 
1.19 x 10- 11 exp[ - (33 ± 37)/T] 
1.14 x 10- 13 

Relative Rate Coefficients 
9.7 x 10- 12 

1.1 X 10- 11 

Reviews and Evaluations 
2.7 x 10- 11 exp( - 257fT) 
2.9 x 10- 11 exp( - 260/T) 

Comments 

Temp./K 

269-385 
189-269 
298 

197 
217 

205-298 
205-300 

(a) Laser flash photolysis system with resonance fluores
cence detection of CI atoms. CI atoms produced by 
355 nm photolysis of Ch. 

(b) Competitive chlorination of 03-CH4 mixtures. CI 
atoms were produced by the 320-400 nm photolysis 
of Ch. The rate coefficient ratios kfk(Cl + CH4) 
placed on an absolute basis by use of k(CI + CH4) = 
9.6 x 10-12 cxp( 1350/T) cm3 molcculc- 1 S-1 (this 
evaluation). 

(c) Based on the data of Watson et al.,6 Zahniser et al.,' 
Kurylo and BraunS and Clyne and Nip.9 

Preferred Values 

k = 1.2 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
k = 2.9 X 10-11 exp( -260fT) cm3 molecule- 1 S-1 over 

the temperature range 205-298 K. 

Reliability 
Alog k = ± 0.06 at 298 K. 
A(E/R) = ±100 K. 

Comments on Prefe"ed Values 
The preferred Arrhenius expression is derived from a 

fit to the data within the temperature range 205-298 K 
reported from the studies of Watson et al.,6 Zahniser 
et al.,' Kurylo and BraunS and Clyne and Nip.9 In this 
temperature range the rate constants at any particular 
temperature agree to within 30-40%. Results of the re
cent study by Nicovich et al.1 show non-Arrhenius behav
ior over the temperature range 189-385 K. The new 
results are in very good agreement with the present rec
ommendation above about - 250 K; at lower tempera
tures they are higher than the recommendation although 
still within its stated uncertainty down to about 220 K. 

Vanderzanden and Birks10 have interpreted their ob
servation of oxygen atoms in this system as evidence for 
some production (0.1-0.5%) of OzeIg) in this reaction. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Nicovich, Kreutter, and Wine, 19901 

DeMore, 199fz 

CODATA, 19803; IUPAC, 19894 

NASA,19905 

(a) 

(b) 

(c) 
(c) 

The possible production of singlet molecular oxygen in 
this reaction has also been discussed by DeMorell in con
nection with the Ch photosensitized decomposition of 
ozone. However, Choo and Leu12 were unable to detect 
02eI) or 02eA) in the CI + 0 3 system and set upper 
limits to the branching ratios for their production of 5 x 
10-4 and 2.5 x 10-2, respectively. They suggested two 
possible mechanisms for the observed production of oxy
gen atoms, involving reactions of vibration ally excited 
CIO radicals with 0 3 or with CI atoms, respectively. 
Burkholder et al P in a study of infrared line intensities of 
the CIO radical present evidence in support of the second 
mechanism. In their experiments with excess Cl atoms, 
the vibrationally excited CIO radicals produced in the Cl 
+ 0 3 reaction can react with CI atoms to give Ch and 
oxygen atom5; which can then remove additional CIO rad
icals. These authors point out the possibility for system
atic error from assuming a 1:1 stoichiometry for [CIO] : 
[03]0 when using the CI + 03 reaction as a quantitative 
source of ClO radicals for kinetic and spectroscopic studies. 

References 

11. M. Nicovich, K. D. Kreutter, and P. H. Wine, Int. 1. Chern. Kinet. 
22, 399 (1990). 

2W. B. DeMore, J. Geophys. Res. 96, 4995 (1991). 
JCODATA, 1980 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6R. T. Watson, G. Machado, S. Fischer, and D. D. Davis, J. Chem. Phys. 

65, 2126 (1976). 
7M. S. Zahniser, F. Kaufman, and J. G. Anderson, Chern. Phys. Lett. 37, 

226 (1976). 
8M. J. Kurylo and W. Braun, Chern. Phys. Lett. 37, 232 (1976). 
9M. A. A. Clyne and W. S. Nip, J. Chern. Soc. Faraday Trans. 2, 72,838 

(1976). 
lUJ. W. Vanderzanden and 1. W. Birks, Chern. Phys. Lett. 88,109 (1982). 
llW. B. DeMore, presented at 182nd National Meeting, American 
Chemical Society, New York, August, 1981. 

12K. Y. Choo and M.-T. Leu, 1. Phys. Chern. 89,4832 (1985). 
131. B. Burkholder, P. D. Hammer, and C. J. Howard, J. Geophys. Res. 
94, 2225 (1989). 
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CI + HON02 ~ HCI + N03 

Rate coefficient data 

k/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 
<5.0 X 10- 16 

<2.0 X 10- 16 

Reviews and Evaluations 
<2.0 X 10- 16 

<2.0 X 10- 16 

Comments 

Temp./K 

298 
29S-400 

298 
298 

(a) Discharge flow system with EPR detection of Cl in 
excess HN03. The same upper limit to the rate coef
ficient was found for the reaction of CIO with HN03. 

(b) Laser photolysis of Ch - HN03 mixtures at 351 nm. 
Reaction was followed by observation of N03 forma
tion using long-path laser absorption spectroscopy, 
and also by monitoring Cl atom decay by resonance 
fluorescence. No evidence was found for any reaction 
between CI and HN03. 

(c) See Comments on Preferred Values. 
(d) Based on results of Wine et al.2 

Preferred Values 

k < 2.0 X 10-16 cm3 molecule- 1 S-1 at 298 K. 

Reference 

Zagogianni, Mellouki and Poulet, 19871 

Wine, Wells and Nicovich, 19882 

IUPAC, 19893 

NASA,19904 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 
(d) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.3 The prefelTcd upper limit to the 
rate coefficient is based on the work of Wine et aI.2 The 
new data1

•
2 show that the measurements of Kurylo et aI.,s 

upon which previous recommended upper limits were 
based, were well above the true value for the rate coeffi
cient of this reaction. 

References 

IH. Zagogianni, A. Mellouki, and G. Poulet, C. R. Acad. Sci., Series 2, 
573 (1987). 

2p. H. Wine, J. R. Wells, and J. M. Nicovich, J. Phys. Chern. 92, 2223 
(1988). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5M. J. Kurylo, J. L. Murphy, and G. L. Knable, Chern. Phys. Leu. 94, 

281 (1983). 

CI + N03 ~ CIO + N02 

M-fO = -50 kJ·mol- 1 

Rate Coefficients 
(2.6 ± 0.5) x 10- 11 

Relative Rate Coefficients 
(7.6 ± 1.1) x 10- 11 

(2.7 ± 1.0) x 10- 11 

(5.5 ± 2.0) x 10- 11 

Reviews and Evaluations 
2.6 X 10- 11 

2.6 X 10- 11 

Tcmp./K 

298 

296 
298 
278-338 

200-300 
200-300 

Rate coefficient data 

Reference 

Mellouki, Le Bras and Poulet, 19871 

Cox eJ al., 19842 

Burrows, Tyndall and Moortgat, 19853 

Cox el al., 19874 

IUPAC, 19895 

NASA,19906 

Comments 

(a) 

(b) 
(c) 
(d) 

(e) 
(f) 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Discharge flow system with EPR detection of CI and 
NO, the latter being used to titrate N03 radicals. 
Pseudo-first order decay of CI monitored in the pres
ence of excess N03. Pressure was 0.8 Torr. 

(b) Time-dependent measurements of N03 absorption at 
662 nm in the photolysis of Ch--CIONOz-Nz mix
tures. First-order loss of N03 assumed to be due to 
reaction with Cl and rate coefficient k determined 
from steady state [ell computed from model chem
istry. Rate coefficient measured relative to k(CI + 
CIONOz) = 1.18 x 10- 11 cm3 molecule- 1 

S-1 (this 
evaluation) using aNo3 = 1.7 X 10-17 cmz molecule- l 

at 662 nm. Pressure = 1 atm. 
(c) Steady-state N03 radical concentrations measured by 

absorption in steady-state photolysis of 
Ch-CIONOz-Nz mixtures. Rate coefficient measured 
relative to k(CI + CIONOz) = 1.18 x 10- 11 cm3 

molecule- 1 S-1 (this evaluation). Used aNo3 = 1.85 X 

10- 17 cmz molecule- 1 at 662 nm. 
(d) Steady-state N03 radical concentrations measured in 

modulated photolysis of Ch-CIONOz-Nz mixtures. 
Rate coefficient measured relative to k(CI + 
CIONOz) = 1.18 x 10- 11 cm3 molecule- l S-1 (this 
evaluation). Used aNo3 = 1.7 X 10-17 cm2 

molecule -1 at 662 nm. Pressure = 1 atm. 
( e) See Comments on Preferred Values. 
(f) Based on results of Mellouki et al. l 

Preferred Values 

k = 2.6 X 10-11 cm3 molecule- l S-1 over the tempera· 
ture range 200-300 K. 

Reliability 
.6.10g k = ± 0.3 at 298 K. 
.6.(E/R) = ±400 K 

Commenrs on .Pre/erred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.5 The agreement between the earlier 
relative rate measurements is not good and probably 
arises from complications in the chemistry of the systems 
used. The preferred value is based on the recent direct 
measurement from Mellouki et al.1 

References 

IA. Mellouki, G. Le Bras, and G. Poulet, J. Phys. Chern. 91, 5760 (1987). 
2R. A. Cox, R. A. Barton, E. Ljundstrom and D. W. Stocker, Chern. 
Phys. Lett. 108, 228 (1984). 

3J. P. Burrows, G. S. Tyndall, and G. K. Moortgat, J. Phys. Chern. 89, 
4848 (1985). 

4R. A. Cox, M. Fowles, D. Moulton; and R. P. Wayne, J. Phys. Chern. 
91, 3361 (1987). 

5IUPAC, Supplement III, 1989 (see references in Introduction). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 

CI + OCIO ~ CIO + CIO 

MfD = -18 kJ'mol- 1 

Absolute Rate Coefficients 
> 1.0 x 10-12 

(8.5 ± 1.2) x 10- 12 

5.9 X 10- 11 exp[(O ± 120)/T] 
(5.9 ± 0.9) x 10- 11 

(6.1 ± 0.9) x to- l1 

3.1 X to- 11 exp(160/T) 
5.45 X 10- 11 

R,,/ative Rate Coefficients 
3.7 X to- 10 exp[ - (3020 ± tol)/T] 

Reviews and Evaluations 
3.4 x 10- 11 exp(160/T) 
3.4 x 10- 11 exp(160/T) 

Temp./K 

300 
300 
298-588 
298 
298 
229-428 
298 

355-365 

298-430 
200-300 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Rate coefficient data 

Reference Comments 

Clyne and Coxon, 19681 (a) 
Basco and Dogra, 19712 (b) 
Bemand, Clyne and Watson, 19733 (c) 

Toohey, 19884 (d) 

Gritsan, Panfilov and Sukhanov, 19755 (e) 

IUPAC, 19896 (f) 
NASA,19907 (g) 
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Comments 

(a) Discharge flow system with UV absorption of OCIO 
and CIa product. Lower limit to the rate coefficient 
only determined. 

(b) Flash photolysis of OCIO with UV absorption detec-
tion of OCIO and CIO. 

(c) Discharge flow system with resonance fluorescence 
detection of CI decay in excess aCID and MS deter
mination of OCIO decay in excess Cl. The first 298 K 
value is the average obtained from the two tech
niques; temperature independence determined from 
Cl atom decay data at 300, 431 and 588 K. The sec
ond 298 K value was obtained from OCIO decay in 
the presence of excess NO and CI, in the unscav
enged NO + OCIO reaction at large extents of reac-
tion. 

(d) Discharge flow system with resonance fluorescence 
detection of Cl. 

(e) Thermal decomposition of OCIO. Complex system. 
(f) See Comments on Preferred Values. 
(g) Based on data of Toohey4 and Bemand et al.3 

Preferred Values 

k = 5.8 X 10-11 cm3 molecule- 1 S-1 at 298 K. 
k = 3.4 X 10-11 exp(160/T) cm3 molecule- 1 

S-1 over 
the temperature range 298-450 K. 

AIr = - 101 kJ'mol- 1 

Reliability 
Alog k = ±0.1 at 298 K. 
A(E/R) = ± 200 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.6 The new data of Toohey4 agree well 
with the previous work of Bemand et al.3 at 298 K, but 
show a small negative temperature dependence over a 
similar range to that over which Bemand et al.3 saw little 
change in k. The preferred value is the average of the 
298 K values from these two studies and the temperature 
dependence of Toohey is accepted but with error limits 
covering the possibility that k is independent of tempera
ture. Earlier work in Ref. 2 and 5 is rejected following the 
recommendation of Bemand et al.3 

References 

1M. A. A. Clyne and J. A. Coxon, Proc. Roy. Soc. A303, 207 (1968). 
2N. Basco and S. K. Dogra, Proc. Roy. Soc. A323, 417 (1971). 
3p. P. Bemand, M. A. A. Clyne, and R. T. Watson, J. Chern. Soc. Fara

day Trans. 1,69, 1356 (1973). 
40. W. Toohey, "Kinetic and Mechanistic Studies of Reactions of 

Bromine and Chlorine Species Important in the Earth's Stratosphere," 
Ph.D. Thesis, Harvard University, Cambridge, MA (1988). 

5V. J. Gritsan. V. N. Panfilov. and I. L Sukhanov, Reaction Kinetic~ 
and Catalysis Letters 2, 265 (1975). 

6IUPAC, Supplement III, 1989 (see references in Introduction). 
7NASA Evaluation No.9, 1990 (see references in Introduction). 

Rate coefficient data 

Absolute Rate Coefficients 
(9.33 ± 0.54) x 10- 11 

(1.03 ± 0.08) x 10- 10 

Relative Rate Coefficients 
(1.1 ± 0.35) x 10- 10 

Rl'vh,ws and EvaluaHons 
9.8 X 10- 11 

Comments 

Temp./K 

298 
298 

298 

200-300 

(a) Discharge flow system with MS monitoring of the 
pseudo-first-order decay of [ChO] in excess [CI], at a 
pressure of 2 Torr He. 

(b) Discharge flow system with resonance fluorescence 
detection of pseudo-first-order decay of [eI] in excess 
[ChO], at a pressure of 2 Torr He. 

(c) Modulated photolysis of mixtures of Ch, CbO, H2, 

O 2, and N2, at 1 atmosphere pressure. Value of k 

Reference 

Ray, Keyser and Watson, 19801 

Ray, Keyser and Watson, 19801 

Burrows and Cox, 19812 

NASA, 19903 

Comments 

(a) 
(b) 

(c) 

(d) 

derived from k/k(CI + H2) = 6900 and k(CI + H2) 

= 1.6 x 10- 14 em3 molecule- 1 
S-1 (this evaluation). 

(d) Based on results of Ray et al.1 

Preferred Values 

k = 9.8 X 10- 11 em3 molecule- t s-l at 298 K. 
k = 9.8 X 10- 11 cm3 molecule- 1 S-1 over the tempera

ture range 200-300 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Reliability 
alog k = ±0.1 at 298 K. 
a(E/R) = ±250 K. 

Comments on Preferred Values 
The preferred value is the mean of the values obtained 

by Ray et al.1 using two completely independent tech
niques. This value has been confirmed by the relative rate 
study of Burrows and Cox.2 The much lower value re
ported earlier by Basco and Dogra4 has been rejected. 
The Arrhenius parameters have not been determined ex
perimentally; however, the high value of k determined at 
298 K precludes a substantial positive activation energy. 
The agreement between the low-pressure studies and the 
high-pressure study implies that there is no apparent 
pressure dependence over the pressure range 1 mbar 
1 bar. 

References 

IG. W. Ray, L. F. Keyser, and R. T. Watson, J. Phys. Chern. 84, 1674 
(1980). 

2J. P. Burrows and R. A. Cox, J. Chern. Soc. Faraday Trans. 1,77,2465 
(1981). 

3NASA Evaluation No.9, 1990 (see references in Introduction). 
4N. Basco and S. K. Dogra, Proc. Roy. Soc. London, Series A, 323, 401 
(1971). 

CI + Cb02 ~ Cb + CIOO 

AIr = -154 kJ'mol- 1 

Rate coefficient data 

k/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 
(1.0 ± 0.4) x 10- 10 

Relative Rate Coefficients 
1.0 X 1O- HI 

Reviews and Evaluations 
1.0 x 10- HI 

Temp./K 

298 

233 

298 

Comments 

(a) Discharge tlow - mass spectrometric study. 
(b) Static photolysis of Ch/ChO/Nz mixtures at 350 nm. 

Time-dependence of [ChOz] and [ChO] monitored 
by photodiode array UV spectroscopy. Value of k de
termined relative to k(Cl + ChO). 

(c) Based on results of the absolute rate study of Friedli 
and the relative rate study of Cox and Hayman.z 

Preferred Values 

k = 1.0 X 10- 10 cm3 molecule- I S-I at 298 K. 
k = 1.0 X 10-10 cm3 molecule- 1 S-1 over the tempera

ture range 230-298 K. 

Reliability 
alog k = ± 0.3 at 298 K. 
a(E/R) = ±300 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Friedl, 1991 1 (a) 

Cox and Hayman, 19882 (b) 

NASA,19903 (c) 

Comments on Preferred Values 
The preferred value is based on results of the discharge 

flow mass spectrometric study of FriedP and the rela
tive rate study of Cox and Hayman.2 The Arrhenius 
parameters have not been determined experimentally; 
however, the agreement of the room temperature value 
and that at 233 K along with the high value of k precludes 
a significant temperature dependence. 

References 

lR. R. Friedl, manuscript in preparation (1991). 
2R. A. Cox and G. D. Hayman, Nature 332, 796 (1988). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
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Rate coefficient data 

klcm3 molecule- 1 S-1 

Absolute Rate Coefficients 
6.3 x 10- 12 exp(150/T) 
(1.04 ± 0.04) x 10- 11 

7.3 X 10- 12 exp(165/T) 
(1.20 ± 0.24) x 10- 11 

Reviews and Evaluations 
6.8 x 10- 12 exp(160/T) 
6.8 x 10- 12 exp(160/T) 

Comments 

Temp.!K 

219-298 
298 
220-296 
296 

219-298 
200-300 

(a) Flash photolysis of Ch at 355 nm. First-order decay of 
[CI] monitored by resonance fluorescence. Oep)
atom abstraction channel to give CIO + CIONO 
shown to be unimportant based on results of experi
ments with added NO, in which Cl was not regener
ated by the fast reaction CIO + NO ~ CI + N02• 

(b) Flash photolysis of CCI4 or COCh. First-order decay 
of [el] monitored by resonance fluorescence. Results 
supersede earlier results6 from same laboratory. 

( c) See Comments on Preferred Values. 
(d) Based on results of Margitan1 and Kurylo et al.2 

Preferred Values 

k = 1.2 X 10- 11 cm3 molecu]e- 1 S-1 at 298 K. 
k = 6.8 X 10- 12 exp(160/T) em3 molecule- 1 S-1 over 

the temperature range 219-298 K. 

Reliability 
Alog k = ±O.12 at 298 K. 
A(E/R) = ±200 K. 

Reference 

Margitan, 19831 

Kurylo, Knable and Murphy, 19832 

CODATA, 19843; IUPAC, 19894 

NASA,19905 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 
(d) 

This data sheet is reproduced from our previous evalu
ation, CODATA, 1984.3 The preferred value averages the 
results of Margitan1 and Kurylo et al,,2 which are in good 
agreement. These results show that the rate coefficient 
for this reaction is two orders of magnitude greater than 
was indicated by the only earlier published study.6 In that 
study it now seems likely that the reaction actual1y being 
observed was the slower reaction Oep) + CION02• Mar
gitan1 has shown that the reaction proceeds by CI atom 
abstraction rather than by a-atom abstraction. 

References 

1J. J. Margitan, J. Phys. Chern. 87, 674 (1983). 
2M. J. Kurylo, G. L. Knable, and J. L. Murphy, Chern. Phys. Lett. 95, 9 

(1983). 
"CODATA, Supplement II, 1984 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
tiM. J. Kurylo and R. G. Manning, Chern. Phys. Lett. 48, 279 (1977). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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IlHO = 7.2 kJ'mol- 1 

Rate coefficient data 

k/cm3 molecule- I S-I 

Absolute Rate Coefficients 
(9.93 ± 0.13) x 10- 14 

(9.17 ± 0.75) x 10- 14 

Reviews and Evaluations 
9.6 x 10- 12 exp( -1350/T) 
1.1 x 1O- 11 exp( -1400/T) 

Comments 

Temp./K 

298 
294 ± 1 

200-300 
200-300 

(a) Very low pressure reactor system with MS detection 
of reactants and products. 

(b) Discharge flow system with MS detection. 
(c) See Comments on Preferred Values. 
(d) The 298 K rate coefficient was the average of the 

absolute rate coefficients reported by Watson et al., 6 

Manning and Kurylo,7 .Whytock et al.,8 Michael and 
Lee,9 Lin et al.; 10 Zahniser et al., 11 Keyserl2 and 
Ravishankara and Wine13 and the relative rate coeffi
cients of Pritchard et al.,'4.15 Knox,16 Knox and Nel
sonl7 and Lin etal. \0 The preferred Arrhenius 
expression was derived to best fit all of the reliable 
experimental data between 200 and 300 K. 

Preferred Values 

k = 1.0 X 10- 13 cm3 molecule-I S-I at 298 K. 
k = 9.6 X 10- 12 exp( -1350/T) cm3 molecule-I S-I 

over the temperature range 200-300 K. 

Reliability 
~log k = ± 0.08 at 298 K. 
~(E/R) = ±250 K. 

Comments on Preje"ed Values 
The preferred value at 298 K is obtained by taking the 

mean from the most reliable absolute (Watson et al./ 
Manning and Kurylo,? Whytock et al.,8 Michael and Lee,9 
Lin et al., 10 Zahniser et al., 11 Keyser,12 and Ravishankara 
and Winel3) and the most reliable relative (Prichard 
etal.,14.15 Knox,16 Knox and Nelson l7 and Lin etal. 1O) rate 
coefficient studies. The recent room temperature 
absolute rate coefficients of Dobis and Bensonl and 
Sawerysyn et al.2 are in good agreement with this pre
ferred value. 

The preferred Arrhenius expression is derived to best 
fit all the reliable experimental data between 200 and 

J. PhV8. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Dobis and Benson, 19871 

Sawerysyn et al., 19872 

CODATA, 19823; IUPAC, 19894 

NASA,1990S 

Comments 

(a) 
(b) 

(c) 
(d) 

300 K. Data obtained above 300 K are not considered 
to the non-linear Arrhenius behavior observed in the ab
solute rate coefficient studies.8.IO.12.13 The average values 
of kat 230 K are: 3.19 x 10- 14 cm3 molecule-I S-I (flash 
photolysis);6.8.9.13 2.67 x 10- 14 cm3 molecule-I S-I (dis- , 
charge flOW);1I ·12 and 2.27 x 10- 14 cm3 molecule-I S-I 
(competitive chlorination).10·14-17 These differences in
crease at lower temperatures. Ravishankara and Winel3 

have suggested that the results obtained using the dis
charge flow and competitive chlorination techniques may 
be in error atthe lower temperatures (T < 240 K) due to. 
a non-equilibration of the 2PI/2 and 2P3/2 states of atomic 
chlorine. The chemical composition in each of the flash 
photolysis studies contained. an efficient spin equilibra~ , 

tor, whereas this was not the case in the discharge flow, 
studies. However, the reactor walls in the discharge flow 
studies could have been expected to have acted as an 
efficient spin equilibrator. Consequently, until the hy
pothesis of .Ravishankara and Wine13 is proven, it is 
assumed that the discharge flow and competitive chlori
nation results are reliable .. The Arrhenius expression is 
derived to yield the preferred values of k at 298 K (1.04 
x 10- 13 cm3 molecule-I S-I) and at 230 K (2.71 x 10- 14 

cm3 molecule- I s-I-this is a simple mean of the three 
average values obtained from each of the three tech
niques). The preferred expression of 9.6 x 10- 12 

exp( -1350/T) cm3 molecule-I S-I essentially yields rate 
coefficients similar to those obtained in the discharge 
flow-resonance fluorescence studies. If only flash photol
ysis-resonance fluorescence results are used, then an 
alternate expression of 6.4 x 10- 12 exp( -1220/T) cm3 

molecule- I S-I is obtained (k at 298 K = 1.07 X 10- 13 

cm3 molecule- I S-I and k at 230 K = 3.19 X 10- 14 cm3 

molecule-Is-I). It should be noted that the rate coeffi
cient ratios k(CI + 03)/k(CI + CH4) determined by 
DeMorels at 197 K and 217 K are in reasonable agree
ment with the present evaluations for these reactions (see 
the data sheet on the CI + 0 3 reaction). 
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References 

10. Dobis and S. W. Benson, Int. J. Chern. Kinet. 19, 691 (1987). 
2J._P. Sawerysyn, e. Lafage, B. Meriaux, and A. Tighezza, J. Chim. 
Phys. 84, 1187 (1987). 

3CODATA, Supplement I, 1982 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
sNASA Evaluation No.9, 1990 (see references in Introduction). 
6R. T. Watson, G. Machado, S. Fischer,and D. D. Davis, J. Chern. Phys. 
65, 2126 (1976). 

7R. G. Manning and M. J. Kurylo, J. Phys. Chern. 81, 291 (1977). 
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Chern. Soc. 76, 1201 (1954). 

ISH. O. Pritchard, J. B. Pyke, and A. F. Trotman-Dickenson, J. Am. 
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16J. H. Knox, Chern. Indus!. 1631 (1955); modified by authors of refer
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17J. H. Knox and R. L Nelson, Trans. Faraday Soc. 55, 937 (1959). 
IHW. B. DeMore, J. Geophys. Res. 96, 4995 (1991). 

Low-pressure rate coefficient 

Rate coefficient data 

Absolute Rate Coefficients 
(3.15 ± 0.30) x 10-21 T- 3.S [Ar] 
6.9 x 10-30 [Ar] 

Relative Rate Coefficients 
(5.2 ± 0.7) x 10-30 [air] 

Reviews and Evaluations 
8.0 x 1O- 3ti(T!300)-3.s [air] 

Comments 

Temp./K 

210-361 
298 

295 

200-300 

(a) CI atoms formed by flash photolysis of CCI4 at 165 nm 
and detected by resonance fluorescence. The concen
tration of the bath gas Ar was varied in the range 
(2.7-120) x 1017 molecule cm-3

• Some experiments 
with M = N2 were also conducted. Falloff exrapola
tions were made using Fe = 0.6. 

(b) Relative rate measurements. CI atoms generated by 
photolysis of Ch in the presence of C2H2 and C2H6 (or 
C2HsCI). Decay of C2H2, C2H6 (or C2HsCl) followed 
by FTIR spectroscopy. Relative rate coefficients 
have been placed on an absolute basis using k(CI + 
C2H6) = 5.7 x 10- 11 cm3 molecule- I S-I. Measure
ments were conducted over the pressure range 10-
5800 Torr. Falloff extrapolations were made with Fe 
= 0.6. 

(c) Based mainly on the data at pressures below 1 atm of 
Refs. 1 and 2. The temperature dependence was 
from Brunning and Stief. 1 

Reference Comments 

Brunning and Stief, 19851 (a) 

Wallington et al., 19902 (b) 

NASA,199Q3 (c) 

Preferred Values 

ko = 6 X 1O-3°(Tl300)-3.s [N2] cm3 molecule- I S-I over 
the temperature range 200-300 K. 

Reliability 
illog ko = ± 0.3 at 300 K. 
Iln = ± 1. 

Comments on Preje"ed Values 
References 1 and 2 provide the largest data base for 

extrapolation to the low pressure limit. Falloff curves 
were constructed with Fe = 0.6. The preferred values are 
averages of ko from Refs. 1 and 2, assuming equal rates 
for M = Ar and N2. The temperature dependence is from 
Ref. 1. The low-pressure data for M = He at 295 K from 
Ref. 4 [ko = (2 ± 0.5) x 10- 13 cm3 molecule- I S-1 at 
0.5-2 Torr] appear consistent with the data from Refs. 1 
and 2. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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High-pressure rate coefficients 

Rate coefficient data 

koo/cm3 molecule-I S-I Temp./K 

Absolute Rate Coefficients 
(1.52 ;;!.. 0.15) x 10-4 r-?"?' 210-361 
4.7 x 10- 11 298 

Relative Rate Coefficients 
(2.3 ± 0.7) x 10- 10 295 

Reviews and Evaluations 
1.0 X 10- 1O(T/300)-26 200-300 

Comments 

(a) - (c) See comments (a) - (c) for ko. 

Preferred Values 

kr%l = 2.3 X 10- 10 cm3 molecule- 1 S-I, independent of 
temperature over the range 200-300 K. 

Reliability 
.!llog k~ ± 0.5 at 300 K. 
b.n = ±1. 

Reference Comments 

BI Ullllillg (lUll Slid, 1985' «(I) 

Wallington et ai., 19902 (b) 

NASA,19903 (c) 

Comments on Preferred Values 
Only the study of reference 2, on which the preferred 

values are based, extends over a sufficiently large pres
sure range to allow for an extrapolation to ka;. It should 
be noted that the falloff curve of reference 1 only covers 
the low pressure part and is too uncertain in its extrapo
lation to k<r:. A series of earlier measurements4-7 were 
made near 1 atm and room temperature. Under these 
conditions, the reaction is dose to the center of the falloff 
curve. The results of these measurements are in dose 
agreement [Alog k(l atm) = 0.2] with the falloff CUNe of 
reference 2 (see Intermediate Falloff Range). 

Intermediate Falloff Range 

Rate coefficient data 

k/cm3 molecule- 1 S-1 P/Torr M Ternp./K Reference Comments 

Relative Rate Coefficients 
5.6 X 10- 11 550 CClF3 295 Lee and Rowland, 19775 (a) 
1.26 X 10- 10 4200 CClF3 295 
7.2 x 10- 11 735 air 296 ± 2 Atkinson and Aschrnann, 19856 (b) 
7.1 x 10- 11 740 air 295 ± 2 Wallington, Skewes and Siegl, 19887 (b) 
9.5 x 10- 11 740 air 295 

Comments 

(a) Measurements with neutron irradiation and GC rela
tive to the reaction Cl + HI (evaluated with keel + 
HI) = 1.26 x 10- 10 cm3 molecule- 1 S-I, see discus
sion in reference 2). 

(b) Measurt;mt;nls with sLt;ady-state photolysis using GC, 
relative to the reaction CI + n -butane (evaluated 
with k(el + n-butane) = 2.25 X 10- 10 cm3 

molecule -1 s - I, see discussion in reference 2). 
(c) See comment (b) for ko. 

Wallington et al., 19902 (c) 

References 

IJ. Brunning and L. J. Stief, J. Chern. Phys. 83, 1005 (1985). 
2T. J. Wallington, J. M. Andino, I. M. Lorkov;c, E. W. Kaiser, and G. 
Marston, J. Phys. Chern. 94, 3644 (1990). 

3NASA Evaluation No.9, 1990 (see references in Introduction). 
40. Poulet, J. Barassiu, G. Le Bras, J. Cornbourieu, J. Bull. Soc. Chim. 

Fr. 1, 1 (1973). 
5F. S. C. Lee and F. S. Rowland, J. Phys. Chern. 81, 684 (1977). 
"R. Atkinson and S. M. Aschmann, Int. J. Chern. Kinet. 17,33 (1985). 
7T. J. Wallington, L. M. Skewes, and W. O. Siegl, J. Photochem. Photo-

bioI. A4S, 167 (1988). 
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Low-pressure rate coefficients 

Rate coefficient data 

k(.jcm3 molecule -1 s - 1 

Relative Rate Coefficients 
(1.6~t3) x 10- 29 [air] 

Temp./K 

295 

Comments 

(a) Measurements of k performed by a relative rate tech
nique. Cl atoms were generated by photolysis of Ch 
in the presence of C2H .. and C2H 6 (or C,lHsCI)- Decay 
of C2lL, C2H6 (or C2HsCI) monitored by FTIR spec
troscopy. Using a value of 5.7 x 10- 11 cm3 

molecule- 1 S-1 for the rate coefficient for the Cl + 
C2H6 ~ C2Hs + HCI reaction, the relative data were 
placed on an absolute basis. The reaction was studied 
over the pressure range 10-3000 Torr and the mea
sured rate coefficients fitted with Fe = 0.6. 

Preferred Values 

ko = 1.6 x 10-29(T/298)-35[air] cm3 molecule- 1 S-1 

over the temperature range 250-300 K. 

Reference 

Wallington et aI., 19901 

Reliability 
Alug ko = :to.S at 300 K. 
~ = ±l. 

Comments on Preferred Values 

Comments 

(a) 

Reference 1 is the only measurement in the falloff 
range which allows for extrapolation to ko• The preferred 
values are based on reference 1 and an estimated temper
ature dependence such as observed for CI + C2H2 + M 
~ CIC2H 2 + M (see this evaluation). 

High-pressure rate coefficients 

Rate coefficient data 

Relative Rate Coefficients 
(3.05:~ .. ) x 10- 10 

Comments 

(a) See comment (a) for ko• 

Preferred Values 

Temp./K 

295 

ka> = 3 X 10-10 cm3 molecule- 1 S-I, independent of 
temperature over the range 250-300 K. 

Reference Comments 

Wallington et al., 19901 (a) 

Reliahility 
~log krx> ± 0.3 at 300 K. 
~ = ±1. 

Comments on Preferred Values 
The falloff extrapolation of the data from reference 1 

with Fe 0.6 is consistent with results in the intermedi-
ate falloff range. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 



1420 ATKINSON ET AL. 

Intermediate Falloff Range 

Rate coefficient data 

klcm3 molecule- 1 S-1 PITorr M Temp./K Reference Comments 

Relative Rate Coefficients 
9.3 X 10- 11 640 CCIF3 295 Lee and Rowland, 19772 (a) 
1.27 x 10-10 1060 CCIF3 295 
1.70 x 10-10 4100 CCIF3 295 
1.66 x 10- 10 4000 CCIF3 298 lyer, Rogers and Rowland, 19833 (b) 
1.21 x 10-10 735 air 296 ± 2 Atkinson and Aschmann, 19854 (c) 
9.8 X 10- 11 735 air 298 ± 2 Atkinson and Aschmann, 19875 (d) 
1.21 x 10- 10 740 air 295 ± 2 Wallington, Skewes and Siegl, 19886 (c) 

Comments References 

(a) Measurements with neutron irradiation and GC rela
tive to the reaction Cl + HI (evaluated with k(Cl + 
HI) = 1.26 X 10-10 cm3 molecule- 1 S-I, see discus
sion in reference 2). 

IT. J. Wallington, J. M. Andino, S. M. Lovkovic, E. W. Kaiser, and G. 

(b) Measurements with neutron irradiation and G~ rela
tive to the reaction CI + C2H6 (evaluated with 
k(CI + C2H6) = 5.7 x 10-11 cm3 molecule- I S-I, see 
discussion in reference 1). 

(c) Measurements with steady-state photolysis gas chro
matography relative to CI + n -butane (evaluated 
with keel + n-butane) = 2.25 x 10- 10 cm3 

molecule- 1 
S-I, see discussion in reference 1). 

(d) As comment (c) but relative to el + C2H6 with 
keel + C2H6) = 5.7 x 10- 11 cm3 molecule- 1 

S-I. 

Mr = -11.1 kJ'mol- 1 

Marston, J. Phys. Chem. 94, 3644 (1990). 
2F. S. C. Lee and F. S. Rowland, J. Phys. Chem. 81, 1235 (1977). 
3S. R. lyer, P. J. Rogers, and F. S. Rowland, J. Phys. Chem. 87, 3799 

(1983). 
4R. Atkinson and S. M. Aschmann, Int. J. Chem. Kinet. 17,33 (1985). 
5R. Atkinson and S. M. Aschmann, lnt. J. Chem. Kinet.19, 1097 (1987). 
liT. J. Wallington, L. M. Skewes, W. O. Siegl, J. Photochem. Photobiol. 

A4S, 167 (1988). 

Rate coefficient data 

k/cm3 molecule 1 s 1 

Absolute Rate Coefficients 
(5.95 ± 0.28) x 10- 11 

9.01 X 10- 11 exp[ - (133 :!: 15)/T] 
(5.48 ± 0.30) x 10- 11 

(6.10 ± 0.11) x 10- 11 

Reviews and Evaluations 
7.7 x 10-11 exp( -9OIT) 
7.7 x 10-11 exp( -9OIT) 

Temp./K 

298 
220-604 
298 
298 

220-350 
220-350 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Ray, Keyser and Watson, 19801 

Lewis el al., 198()2 

Dobis and Benson, 199ij3 

CODATA, 1980;4 IUPAC, 198<)5 
NASA,19906 

Comments 

(a) 
(b) 

(c) 

(d) 
(e) 
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Comments 

(a) Discharge flow system with MS detection of ethane. 
(b) Discharge flow system with resonance fluorescence 

detection of Cl. 
(c) Very low pressure reactor study. CI atoms generated 

by microwave discharge of Ch-He mixtures, with MS 
analysis of reactants and products. 

(d) Derived from the absolute rate coefficient data of 
Manning and Kurylo' and Lewis et al? 

(e) The 298 K rate coefficient was the mean of the abso
lute rate coefficients of Davis et al"B Manning and 
Kurylo,1 Ray et at. 1 and Lewis et al.,2 with the tem
perature dependence being that which best fit the 
data of Manning and Kurylo' and Lewis et al.2 

Preferred Values 

k = 5.9 X 10- II cm3 molecule- l S-l at 298 K. 
k = 8.2 X 10- 11 exp( -100fT) cm3 molecule- 1 

S-1 over 
the temperature range 220-600 K. 

Reliability 
.61og k ± 0.06 at 298 K . 
.6(EIR) = ± 100 K. 

Comments on Preferred Values 
The 298 K rate coefficient is the average of the room 

temperature rate coefficients of Davis et al.8 (reduced by 
10% as discussed previously4), Manning and Kurylo,' Ray 
et al.,l Lewis et al.2 and Dobis and Benson,3 all of which 
are in excellent agreement. The temperature dependence 
is the average of those from the two temperature-depen
dent studies of Manning and Kurylo' and Lewis et al.2 

References 

IG. W. Ray, L. F. Keyser, and R. T. Watson, J. Phys. Chern. 84, 1674 
(1980). 

2R. S. Lewis, S. P. Sander, S. Wagner, and R. T. Watson, J. Phys. Chern. 
84, 2009 (1980). 

30. Dobis and S. W. Benson, 1. Am. Chern. Soc. 112, 1023 (1990). 
4CODATA, 1980 (see references in Introduction). 
5IUPAC, Supplement III, 1989 (see references in Introduction). 
tiNASA Evaluation No.9, 1990 (see references in Introduction). 
7R. G. Manning and M. J. Kurylo, J. Phys. Chern. 81, 291 (1977). 
I'D. D. Davis, W. Braun, and A. M. Bass, Int. J. Chern. Kinet. 2, 101 

(1970). 

CI + C3Ha ~ HCI + n -C3H7 (1) 

-- HCI + I-C3 HT (2) 

61r(l) 8.4 kJ'mol- 1 

Mr(2) -20.1 kJ'mo)-1 

Rate coefficient data (k = k1 + k2 ) 

klcm3 mokcuk- I :5- 1 Tcmp./K 

Relative Rate Coefficients 
(1.22 ± 0.10) x 10- 10 295 ± 2 

Reviews and Evaluations 
1.3 x 10 - 10 exp( 40/T) 220-600 
1.4 x 1O- HI exp(40/T) 220-607 

Comments 

(a) Relative rate method. CI atoms generated by photol
ysis of Ch in one atmosphere of air. Relative disap
pearance rates of the organics studied were 
measured, leading to k(CI + C3Hs)/k(CI + n-C4HlO) 

== 0.711 ± 0.019 andk(CI + C2H6)/k(CI + n-C4H lO) 

0.344 ± 0.026 at 295 ± 2 K. This results in 
k(CI + C3Hs)/k(CI + C2H6) = 2.07 ± 0.17. Placed 
on an absolute basis by use of k(CI + C2H6) = 5.9 x 
10- 11 cm3 molecule- 1 S-1 (this evaluation). 

(b) Based on the absolute rate coefficient data of Lewis 
et al.,4 which are in generally good agreement with the 
relative rate coefficient measurements of Pritchard 
et al.,5 Knox and Nelson6 and Atkinson and Aschmann.7 

Rt:ft:It:III.:t: Comments 

Wallington et al., 19881 (a) 

IUPAC, 19892 (b) 
NASA,19903 (e) 

(c) Based on the absolute rate coefficient data of Lewis 
et al.,4 which are consistent with the relative rate co
efficients of Pritchard et ai.,5 Knox and Neison,6 
Atkinson and Aschmann' and Wallington et al.1 

Preferred Values 

k == 1.4 X 10- 10 cm3 molecule- 1 S-1 at 298 K. 
k = 1.2 X 10- 10 exp(40lT) cm3 molecule- 1 S-1 over the 

temperature range 220-600 K. 

Reliability 
~log k == ±0.12 at 298 K. 
~(EIR) = ±200 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments on Preferred Values 
The preferred 298 K rate coefficient is an average of 

the absolute rate coefficient of Lewis et al.4 and the rela
tive rate measurements of Pritchard et al.,5 Knox and 
Nelson,6 Atkinson and Aschmann7 and Wallington et al.; 
all of which are in reasonable agreement. The tempera
ture dependence is that determined by Lewis et al.4 

References 

IT. J. Wallington, L. M. Skewes, W. O. Siegl, C.-H. Wu, and S. M. 
Japar, Int. J. Chern. Kinet. 20, 867 (1988). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4R. S. Lewis, S. P. Sander, S. Wagner, and R. T. Watson, J. Phys. Chern. 
84, 2009 (1980). 

5H. O. Pritchard, J. B. Pyke, and A. F. Trotman-Dickenson, J. Am. 
Chern. Soc. 77, 2629 (1955). 

6J. H. Knox and R. L. Nelson, Trans Faraday Soc. 55,937 (1959). 
1R. Atkinson and S. M. Aschmann, Int. J. Chern. Kinet. 17,33 (1985). 

CI + HCHO ~ HCI + HCO 

MfD = -67.8 kJ'mol- 1 

Rate coefficIent data 

k/cm3 molecule- 1 S-1 Temp./K 

Relative Rate Coefficients 
(6.84 ± 0.71) x 10- 11 298 

Reviews and Evaluations 
8.2 x 10 -ll exp( - 34/T) 200-500 
8.1 x 10- 11 exp( - 30/T) 200-300 

Comments 

(a) Discharge flow system with MS detection of reac
tants. Value of k derived from the measured ratio of 
k(CI + HCHO)lk(CI + C2H6) = 1.16 and k(CI + 
C2H6) = 5.9 x 10- 11 cm3 molecule- 1 S-1 (this evalu
ation). 

(b) See Comments on Preferred Values. 
(c) The 298 K rate coefficient was obtained from the ab

solute rate coefficients of Michael et al.,s Anderson 
and Kuryl06 and Fasano and Nogar7 and the relative 
rate coefficients of Niki et al.8 and Poulet et al: The 
temperature dependence was derived from a least
squares analysis of the absolute rate coefficient data 
of Michael et al.s and Anderson and Kurylo.6 The A
factor was adjusted to fit the 298 K rate coefficient. 

Preferred Values 

k = 7.3 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
k = 8.2 X 10- 11 exp( -34fT) cm3 molecule- 1 

S-1 over 
the temperature range 200-500 K. 

Reliability 
~log k = ± 0.06 at 298 K. 
~(EIR) = ± 100 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Poulet, Laverdet, and Le Bras, 19811 (a) 

CODATA, 1984;2 IVPAC, 19893 (b) 
NASA,19904 (c) 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1984.2 The preferred temperature de
pendence is based on a least-squares fit to the 200-500 K 
data of Michael et al.s and the 223-323 K data of Ander
son and Kurylo.6 The preferred 298 K rate coefficient is 
based on these absolute studies and the room-tempera
ture data of Niki et al.,8 Fasano and Nogar7 and Poulet 
et al., 1 all of which are in good agreement. 

References 

10. Poulet, O. Laverdet, and O. Le Bras, J. Phys. Chern. 85,1892 (1981). 
2CODATA, Supplement II, 1984 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
1NASA Evaluation No.9, 1990 (see references in Introduction). 
5J. V. Michael, D. F. Nava, W. A. Payne, and L. J. Stief, J. Chern. Phys. 

70, 1147 (1979). 
6P. C. Anderson and M. J. Kurylo, J. Phys. Chern. 83, 2053 (1979). 
7D. M. Fasano and N. S. Nogar, Int. J. Chern. Kinet. 13,325 (1981). 
MH. Niki, P. D. Maker, L. P. Breitenbach, and C. M. Savage, Chern. 

Phys. Lett. 57,596 (1978). 
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CI + CH3CHO ~ HCI + CH3CO (1) 

~ HCI + CH2CHO (2) 

Mr(1) = -72.1 kJ'moi- 1 

Mr(2) = - 44.8 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 ) 

klcrn3 molecule- 1 S-l 

Absolute Rate Coefficients 
(6.6 ± 1.4) x 10- 11 

Relative Rate Coefficients 
(8.15 ± 0.82) x 10-11 

(6.14 ± 0.54) x 10-11 

Branching Ratio 
k2ik < 0.07 

Reviews and Evaluations 
7.6 X 10- 11 

Ternp./K 

210-343 

295 ± 2 
298 

298 

298 

Comments 

(a) Flash photolysis system with resonance fluorescence 
detection of CI atoms. 

(b) Relative rate method. CI atoms generated in 
Ch-NrCH3CHO-C2H6 mixtures from the photolysis 
of Ch and the relative decay rates of CH3CHO and 
C2H6 measured. The measured rate coefficient ratio 
was placed on an absolute basis by use of k(CI + 
C2H6) = 5.9 x 10-11 cm3 molecule- 1 S-1 (this evalu
ation). 

(c) Discharge flow system with MS detection of 
CH3CHO and of the C2H6 reference compound. Rel
ative decay rates of CH3CHO and C2H6 monitored, 
and the measured rate coefficient ratio placed on an 
absolute basis by use of k(CI + C2H6) = 5.9 x 10-11 

cm3 rnolecule- 1 S-l (this evaluation). Branching ratio 
derived from the products observed by MS. 

(d) Based on the relative rate coefficient study of Niki 
et al.s 

Preferred Values 

k = 7.2 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
k = 7.2 X 10- 11 cm3 molecule- 1 S-l, independent of 

temperature over the range 210-340 K. 
kJk < 0.05 at 298 K. 

Reference 

Payne et al., 19901 

Wallington et al., 19882 

Bartels, Hoyerrnann and Lange, 1989J 

Bartels, Hoyerrnann and Lange, 19893 

IUPAC, 19894 

Reliability 
illog k = ± 0.15 at 298 K. 
6.(EIR) = :!..300 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

(c) 

(d) 

The preferred 298 K rate coefficient is the average of 
the absolute rate coefficient of Payne et al. 1 and the rela
tive rate coefficients of Niki et aI .,5 Wallington et al? and 
Bartels et al.3 The lack of a temperature dependence of 
the rate coefficient is consistent with the data of Payne 
et al. 1 The branching ratio is derived from the data of 
Niki et al.s and Bartels et al.3 

References 

tw. A. Payne, D. F. Nav:l; F. L. Nesbitt, nnd L. J. Stief, J. Phys. Chern. 
94, 7190 (1990). 

2T. J. Wallington, L. M. Skewes, W. O. Siegl. C.-H. Wu, and S. M. 
Japar, Int. J. Chern. IGnet. 20, 867 (1988). 

3M. Bartels, K. Hoyerrnann, and U. Lange, Bcr Bunsenges Phys. Chern. 
93, 423 (1989). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
SR. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys. 

Chern. 89, 588 (1985). 
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CI + C2HsCHO ~ products 

Rate coefficient data 

k tcm3 molecule -I S-I 

Relative Rate Coefficients 
(1.17 ± 0.10) x 10-10 

Comments 

Temp./K 

295 ± 2 

(a) Relative rate study. CI atoms generated by the pho
tolysis of Ch in Ch-air mixtures, and the decay rates 
of C2HsCHO and C2H6 monitored by GC. The mea
sured rate coefficient ratio was placed on an absolute 
basis by use of k(CI + C2H6) = 5.9 x 10- 11 cm3 

molecule- 1 
S-1 (this evaluation). 

Preferred Values 

k = 1.2 X 10-10 cm3 molecule- 1 S-1 at 298 K. 

M-fO = -20.3 kJ'mol- 1 

Reference Comments 

Wallington et al., 19881 (a) 

Reliability 
~log k = ± 0.3 at 298 K. 

Comments on Preferred Values 
Based on the sole study of Wallington et al.,! with ex

panded uncertainty limits. 

Reference 

IT. J. Wallington, L. M. Skewes, W. O. Siegl, C.-H. Wu, and S. M. 
Japar, lnt. J. Chern. Kinet. 20, 867 (1988). 

Rate coefficient data 

klcm3 molecule- I S-I 

Relative Rate Coefficients 
(3.5 ± 0.5) x 10- 12 

Comments 

Temp./K 

295 ± 2 

(a) Relative rate study. CI atoms were generated by the 
photolysis of Ch-air (or N2)-CH3COCH3-C2HsCI 
mixtures. From the relative decays of CH3COCH3 
and C2HsCl. a rate coefficient ratio of k (CI + 
CH3COCH3)/k(Cl + CzHsCI) = 0.295 ± 0.015 was 
obtained. Combined with a measurement of k(CI + 
C2HsCI)/k(CI + C2H6) = 0.201 ± 0.0271 and k(CI + 
C2H6) = 5.9 x 10- 11 cm3 molecule- 1 

S-I (this evalu-
ation), the value cited in the table is obtained. 

Preferred Values 

k = 3.5 X 10-12 cm3 molecule- 1 S-1 at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Wallington et al., 19901 (a) 

Reliability 
Lllog k = ± 0.3 at 298 K. 

Comments on Preferred Values 
The preferred 298 K rate coefficient is based on the 

sole study of Wallington et al .• l with expanded uncertain
ties. 

Reference 

IT. J. Wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atmos. 
Chern. 10, 301 (1990). 
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\/10 = -37.9 kJ'mol- 1 

Rate coefficient data 

·Il>solute Rate Coefficients 
(6.33 ± 0.70) x 10- 11 

IMative Rate Coefficients 
(4.73 ± 0.42) x 10- 11 

(4.79 ± 0.36) x 10- 11 

Ueviews and Evaluations 
5.7 X 10- 11 

Comments 

Temp./K 

200-500 

295 ± 2 
298 ± 2 

200-500 

(a) Flash photolysis system with resonance fluorescence 
detection of Cl. 

(b) Relative rate study. CI atoms generated by the pho
tolysis of Ch in Ch-CH30H-C2H6-air (or N2) mix
tures at 740 Torr total pressure. Concentrations of 
CH30H and C2H6 monitored by GC and a rate coef
ficient ratio k(CI + CH30H)/k(CI + C2H6) = 
0.802 ± 0.071 determined. Rate coefficient ratio 
placed on an absolute basis by use of k(CI + C2H6) 

= 5.9 x 10- 11 cm3 molecule- 1 
S-1 (this evaluation). 

(c) Relative rate study. Cl atoms generated from the 
photolysis of Ch or CaCh in Ch (or COCh)-N2 (or 
02)-CH30H-cyclohexane mixtures at atmospheric 
pressure. Concentrations of CH30H and cyclohexane 
were measured by GC, and the rate coefficient ratio 
was placed on an absolute basis by use of k(CI + cy
clohexane) = 3.11 x 10- 10 cm3 molecule- 1 S-I.5 

(d) Based on the rate coefficient data of Michael et ai. 1 

over the temperature range 200-500 K and the 298 K 
rate coefficient of Payne et al.6 for the reaction C) + 
CH30D ~ HCl + CH20D. 

Preferred Values 

k = 5.3 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
k = 5.3 X 10- 11 cm3 molecule- 1 

S-I, independent of 
temperature over the range 200-500 K. 

Reference 

Michael et aJ., 19791 

Wallington et al., 19882 

Nelson et al., 19903 

NASA, 19904 

Reliability 
.6.log k = 0.15 at 298 K . 
.6.(E/R) = ±200 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

(d) 

The 298 K preferred value is the average of the rate 
coefficients of Michael et al.,1 Wallington et al.2 and Nel
son et al.3 and is in excellent agreement with the absolute 
rate coefficient of (5.1 ± 1.0) x 10- 11 cm3 molecule- 1 S-1 

at 298 K determined by Payne et a/.6 for the reaction CI 
+ CH30D ~ HC} + CH20D. The zero temperature de
pendence is taken from the work of Michael et al. 1 

References 

IJ. V. Michael, D. F. Nava, W. A. Payne, and L. J. Stief, J. Chern. Phys. 
70, 3652 (1979). 

2T. J. Wallington, L. M. Skewes, W. O. Siegl, C.-H. Wu, and S. M. 
Japar, Int. J. Chern. Kinet. 20, 867 (1988). 

.3L. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, 1. Treacy, and O. 
1. Nielsen, Int. J. Chern. Kinet. 22, 1111 (1990). 

4NASA Evaluation No.9, 1990 (see reference in Introduction). 
5R. Atkinson and S. M. Aschmann. Int. 1. Chern. Kinet. 17,33 (19RS). 
oW. A. Payne. J. Brunning, M. B. Mitchell, and L. J. Stief, Int. J. Chern. 

Kinct. 20, 63 (1988). 
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CI + C2HsOH ~ products 

Rate coefficient data 

Relative Rate Coefficients 
(8.75 ± 0.95) x 10- 11 

(1.01 ± 0.06) x 10- 10 

Comments 

Ternp./K 

295 ± 2 
298 ± 2 

(a) Relative rate study. CI atoms generated by photolysis 
of Ch in Ch-C2HsOH-C2H6-air (or N2) mixtures at 
740 Torr total pressure. C2HsOH and C2H6 moni
tored by GC and a rate coetticient ratio k (CI + 
C2HsOH)/k(CI + C2H6) = 1.483 ± 0.160 deter
mined. Placed on an absolute basis by use of k(CI + 
CzHo} - 5.9 x 10- 11 cm3 molecule- 1 S-l (this evalu-
ation). 

(b) Relative rate study. CI atoms generated by photolysis 
of Ch or COCh in Ch (or COCh)-N2 (or 
02)-ethanol-cycIohexane mixtures at atmospheric 
pressure. Concentrations of ethanol and cyclohexane 
measured by GC, and the rate constant ratio placed 
on an absolute basis by use of k (CI + cyclohexane) 
= 3.11 X 10- 10 cm3 molecule- l S-1.3 

Reference 

Wallington et ai., 19881 

Nelson et al., 199()2 

Preferred Values 

Comments 

(a) 
(b) 

k = 9.4 X 10- 11 cm3 molecule- 1 S-l at 298 K. 

Reliability 
Alog k = ± 0.2 at 298 K. 

Comments on Preferred Values 
The preferred 298 K rate coefficient is the average of 

those of Wallington et al.1 and Nelson et al.,2 which are in 
good agreement. 

References 

IT. J. Wallington, L. M. Skewes, W. O. Siegl, C.-H. Wu, and S. M. 
Japar, Int. J. Chern. Kinet. 20, 867 (1988). 

2L. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy and O. J. 
Nielsen, Int. J. Chern. Kinet. 22, 1111 (1990). 

3R. Atkinson and S. M. Aschrnann, Int. J. Chern. Kinet. 17,33 (1985). 

CI + n -C3H70H ~ products 

Rate coefficient data 

Relative Rate Coefficients 
(1.49 ± 0.12) x 10-10 

(1.49 ± 0.07) x 10- 10 

Comments 

Ternp./K 

295 ± 2 
298 ± 2 

(a) Relative rate study. Cl atoms generated by photolysis 
ofCh in Ch-n-C3H70H-C2H6-air (or N2) mixtures at 
740 Torr total pressure. n -C3H70H and C2H6 moni
tored by GC and a rate coefficient ratio k(CI+- n
C3H70H)/k(CI + C2H6) 2.518 ± 0.202 
determined. Placed on an absolute basis by use of 
k(CI + C2H6) = 5.9 x 10- 11 cm3 molecule- l S-l (this 
evaluation) . 

(b) Relative rate study. CI atoms generated by the pho
tolysis of Ch or COCh in Ch (or COCh)-N2 (or 
02)-n -propanol-cyclohexane mixtures at atmo
spheric pressure. Decay rates of n -propanol and cy
clohexane measured by GC, and the rate coefficient 
ratio placed on an absolute basis by use of k(CI + 
cycIohexane) = 3.11 x 10- 10 cm3 molecule- 1 S-1.3 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Wallington el ai., 19881 

Nelson et al., 19902 

Preferred Values 

Comments 

(a) 
(b) 

k = 1.5 X 10- 10 cm,} molecule- 1 S-1 at 298 K. 

Reliability 
Alog k = ± 0.2 at 298 K. 

Comments on Preferred Values 
The preferred 298 K rate coefficient is based on the 

data of Wallington et al. l and Nelson et al.,2 which are in 
excellent agreement. . 

References 

IT. J. Wallington, L. M. Skewes, W. O. Siegl, C.-H. Wu, and S. M. 
Japar, Int. J. Chern. Kinet. 20, 867 (1988). 

2L. Nelson, o. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. 
1. Nielsen, Int. 1. Chern. Kinet. 22, 1111 (1990). 

3R. Atkinson and S. M. Aschrnann, lnt. J. Chern. Kinet. 17,33 (1985). 
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CI + I-C3H70H ~ products 

Rate coefficient data 

/.. fern3 molecule -I S-1 

He/alive Rate Coefficients 
(8.40 ± 0.35) X 10- 11 

Comments 

Ternp.IK 

298 ± 2 

(a) Relative rate method. CI atoms generated by the 
photolysis of Ch or COCh in Ch ( or 
COCb)-isopropyl alcohol-cyclohexane-02 (or N2) 
mixtures at atmospheric pressure. Decay rates of iso
propyl alcohol and cyclohexane measured, and rate 
coefficient ratio placed on an absolute basis by use of 
k(CI + cyclohexane) = 3.11 x 10- to cm3 molecule- 1 

S-1.2 

Preferred Values 

k = 8.4 X 10- 11 cm3 molecule- l S-l at 298 K. 

Reference Comments 

Nelson et al., 19901 (a) 

Reliability 
Alog k =:= ± 0.3 at 298 K. 

Comments on Prefen'ed Values 
Based on the sole study of Nelson et al" 

References 

IL. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. 
J. Nielsen, Int. J. Chern. Kinet. 22, 1111 (1990). 

2R. Atkinson and S. M. Aschrnann, Int. J. Chern. Kinet. 17,33 (1985). 

CI + CH300H ~ HCI + CH3 0:z (1) 

~ HCI + CH200H (2) 

Rate coefficient data (k = k1 + k2) 

Relative Rate Coefficients 
(5.9 ± 0.3) x 10- 11 

Comments 

Temp./K 

295 ± 2 

(a) Relative rate method. CI atoms generated by the 
photolysis of Ch in Ch-N2-CH300H-C2H 6 mixtures 
at 700 Torr total pressure, and CH300H and C2H 6 

concentrations monitored by FTIR absorption spec
troscopy. Relative rate coefficient ratio placed on an 
absollltehasishYllseofk((;l + C:zH6) 5.9 X 10- 11 

cm3 molecule- t S-1 (this evaluation). 

Preferred Values 

k = 5.9 X 10- 11 cm3 molecu]e- 1 
S-1 at 298 K. 

Reliability 
L\log k = ± 0.5 at 298 K. 

Comments on Preferred Values 
The sole study carried out to date is that of WalJington 

et al.1 The reaction may occur by the two pathways 

Reference Comments 

Wallington et ai., 19901 (a) 

C1 + CH'OOH-[ 
HCI + CH3OO· (1 ) 

HCI + CH200H (2) 

~ 
HCHO + HO 

and the formation of HO may have led to secondary reac
tions involving HO radicals. Since the room temperature 
rate coefficient for the CI atom reaction with H20 2 (this 
evaluation) is two orders of magnitude lower than that 
for Cl + CH300H, it is expected that channel (2) will 
dominate. Wal1ington et al. 1 concluded that secondary re
actions involving HO radicals did not contribute ~ 15% 
to the observed CH300H consumption. The cited uncer
tainty limits on the preferred values reflect this possibility 
of HO radical involvement in the Wallington et al.1 study. 

Reference 

IT. J. Wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atmos. 
Chern. 10, 301 (1990). 

J. Phys. Chem. Ref. Data, Vol. 21, No.6. 1992 
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CI + HCOOH ~ HCI + HC02 (1) 

~ Hel + eOOH (2) 

tJ·JO(2) = -58 kJ'mol- 1 

Rate coefficient data (k ... k1 + k2) 

Relative Rate Coefficients 
(2.08 :!: 0.12) x 10- 13 

(1.83 :!: 0.10) x 10- 13 

Comments 

Temp./K 

295 :!: 2 
295 :!: 2 

(a) Relative rate method. CI atoms generated by the 
photolysis of Ch in Ch-air-HCOOH-CH3Cl (or 
eIL) mixtures at 700 Torr total pressure. HCOOH 
and CH3CI (or ClL) monitored by FTIR absorption 
spectroscopy during the experiments. 

(b) Relative to k(CI + CH3CI). Placed on an absolute 
basis by use of k(CI + CH3CI) = 4.75 x 10- 13 cm3 

molecule- 1 5- 1 (this evaluation). 
(c) Relative to k(CI + CH4). Placed on an absolute basis 

by use of k(Cl + CH4) 9.9 x 10- 14 em3 molecule- t 

S-1 (this evaluation). 

Preferred Values 

k = 2.0 X 10- 13 cm3 molecule- 1 S-1 at 298 K. 

Reference 

Wallington et aI., 19901 

Wallington et aI., 19901 

Reliability 
Alog k = :::t: 0.2 at 298 K. 

Comments on Preferred Values 

Comments 

(a,b) 
(a,c) 

The preferred 298 K rate coefficient is the average of 
the rate coefficients obtained by Wallington et al.1 rela· 
tive to k(CI + CH3Cl) and k(CI + CH4), which are in 
good agreement. The relative importance of reaction 
channels (1) and (2) is not presently known. 

Reference 

IT. J. Wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atmos. 
Chern. 10, 301 (1990). 

CI + CH3COOH ~ Hel + CH2COOH (1) 

-;l> I:iCI + CH3COO (2) 

tJ-fO(2) = 10.9 kJ'mol- 1 

Relative Rate Coefficients 
(2.8 :!: 0.4) x 10- 14 

Comments 

Temp./K 

298 ± 1 

(a) CI atoms generated by the photolysis of Ch in 
ClrCH3COOH-CH4-N2 mixtures at 760 Torr total 
pressure. The concentrations of CH3COOH and CH4 

were measured by IR absorption spectroscopy. The 
rate coefficient ratio of k(CI + CH3COOH)/k(CI + 
C~) = 0.28 ± 0.04 was placed on an absolute basis 
hynseofk(Cl -I- CH",) =1.0 X lO-13cm3molec111e-l 

S -1 (this evaluation). An analogous experiment using 
CD3COOH yielded a rate coefficient of k(CI + 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Koch and Moortgat, 19901 (a) 

CD3COOH) = (7.5 ± 0.2) x 10-15 cm3 molecule- 1 

s-1, indicating that the majority of the reaction pro
ceeds by reaction channel (1). 

Preferred Values 

k = 2.8 X 10- 14 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~log k = ± 0.3 at 298 K. 
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Comments on Pre/erred Values 
The preferred 298 K rate coefficient is based on the 

sole study of Koch and Moortgat. 1 The measured rate co
efficient ratio of k(CI + CH3COOH)/k(CI + 
CD3COOH) = 3.7 at 298 ± 1 Kl indicates that channel 
(1) dominates at 298 K. 

Reference 

IS. Koch and G. K. Moortgat, Chern. Phys. Lett. 173,531 (1990). 

CI + CH30N02 ~ products 

Rate coefficient data 

Relative Rate Coefficients 
(2.42 ± U.U2) x W- 1

:l 

Comments 

Temp./K 

(a) Relative rate method. Cl atoms generated by the 
photolysis of Ch in Ch-CH30N02-C2H6-N2 mixtures 
at atmospheric pressure. Concentrations of methyl 
nitrate and ethane measured by GC and the rate co
efficient ratio placed on an absolute basis by use of 
k(CI + C2H6) = 5.9 x 10- 11 cm3 molecule- 1 

S-1 (this 
evaluation). 

Preferred Values 

k = 2.4 X 10- 13 cm3 molecule- 1 
S-1 at 298 K. 

Reference Comments 

Nielsen et al., 199Ji (a) 

Reliability 
~log k = ± 0.3 at 298 K. 

Comments on Pre/erred Values 
Based on the sole study of Nielsen et al.1 The reaction 

probably occurs via H-atom abstraction from the -CH3 

group.l 

Reference 

10. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chern. 
Phys. Lett. 178, 163 (1991). 

Rate coefficient data 

Relative Rate Coefficients 
(5.5 ± 0.8) x 10- 12 

(3.95 ± 0.15) x 10- 12 

Comments 

Temp./K 

295 ± 2 
298 ± 2 

(a) Relative rate method. CI atoms generated by the 
photolysis of Clz in Ch-ethyl nitrate-C2HsCI-air mix
tures at atmospheric pressure. Ethyl nitrate and 
C2HsCI were measured by GC, and a rate coefficient 
ratio of k(CI + ethyl nitrate)/k(CI + C2HsCI) = 
0.46 ± 0.03 determined. Combined with k(CI + 
C2HsCI)/k(CI + C2H6) = 0.201 ± 0.0273 and k(CI + 
C2H6) = 5.9 x 10- 11 cm3 molecule- 1 S-1 (this evalu
ation), the rate coefficient cited in the table is ob
tained. 

(b) Relative rate method. CI atoms generated by the 
photolysis of Cb-ethyl nitrate-C2H6-N2 mixtures at 

Reference 

Wallington et aI., 19901 

Nielsen et al., 19912 

Comments 

(a) 
(b) 

atmospheric pressure. Concentrations of ethyl ni
trate and ethane measured by GC, and the rate coef
ficient ratio placed on an absolute basis by use of 
k(CI + C2H6) = 5.9 x 10- II em3 moleeule- 1 S-1 (this 
evaluation ). 

Preferred Values 

k = 4.7 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~log k = ± 0.2 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments on Preferred Values 
The preferred 298 K rate coefficient is the average of 

the data of Wallington et a/.1 and Nielsen et aZ.2 The reac
tion probably proceeds by H atom abstraction from the 
C-H bonds.2 

References 

IT. J. Wallington, M. M. Hinman, J. M. Andino, W. O. Siegl, and S. M 
Japar, Int. J. Chern. Kinet. 22, 665 (1990). 

20. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chen! 
Phys. Lett., 178, 163 (1991). 

3'f. J. Wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atrnm 
Chern. 10, 301 (1990). 

Rate coefficient data 

k/cm3 molecule- 1 S-1 Temp.IK 

Relative Rate Coefficients 
(3.17 ± 0.47) x 10- 11 295 ± 2 
(2.28 :!: 0.14) x. 10- 11 298:!: 2 

comments 

(a) Relative rate method. CI atoms generated by the 
photolysis of Ch in Clz-n -propyl nitrate~2H,CI-air 
mixtures at atmospheric pressure. n -Propyl nitrate 
and C2HsCI concentrations were measured by GC 
and a rate coefficient ratio of k(CI + n -propyl ni
trate)/k(Cl + C2HsCI) = 2.67 ± 0.16 determined. 
Combined with k(Cl + C2HsCI)/k(Cl + CZH6) = 
0.201 ± 0.0273 and k(CI + CZH6) = 5.9 x 10- 11 cm3 

molecule- 1 S-1 (this evaluation), the rate coefficient 
cited in the table is obtained. 

(b) Relative rate method. Cl atoms generated by the 
photolysis of Ch in Clz-n -propyl nitrate-CzH6-N2 

mixtures at atmospheric pressure. Concentrations of 
n -propyl nitrate and C2H6 were measured by GC, and 
the rate coefficient ratio placed on an absolute basis 
by use of k(Cl + C2H6) = 5.9 x 10- 11 cm3 

molecule- 1 S-1 (this evaluation). 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Wallington et al., 19901 (a) 
Nielsen er al., 199tr (b) 

Preferred Values 

k :::: 2.7 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
dlog k = ± 0.2 at 298 K. 

Comments on Preferred Values 
The preferred 298 K rate coefficient is the average of 

the data of Wallington et al.1 and Nielsen et al.2 The reac
tion probably proceeds by H-atom abstraction from the 
C-H bonds.2 

References 

IT. J. Wallington, M. M. Hinman, J. M. Andino, W. O. Siegl, and S. M. 
Japar, Int. J. Chern. Kinet. 22, 665 (1990). 

20. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chern. 
Phys. Lett. 178, 163 (1990). 

3T. J. Wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atrno!\. 
Chern. 10, 301 (1990). 
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Rate coefficient data 

k fernJ molecule -1 S-1 

Relative Rate Coefficients 
(5.8 ± 1.1) x 10- 12 

Ternp./K 

295 ± 2 

Comments 

(a) Relative rate method. Cl atoms generated by the 
photolysis of Ch in Ch-isopropyl nitrate-CzHsCI-air 
mixtures at atmospheric pressure. Concentrations of 
i/Suprupyl niLI'atc; awJ C2HsCl IIlt:a/suleu by GC, anu a 
rate coefficient ratio of k(CI + isopropyl nitrate)/ 
k(CI + CzHsCl) == 0.49 ± 0.06 determined. Com
hineci with k(~l + C2HsCl)/k(Cl + C2H 6) = 0.7.01 ± 
0.0272 and k(CI + CZH6) = 5.9 x 10- 11 cm3 

molecule- 1 S-1 (this evaluation), the rate coefficient 
cited in the table is obtained. 

Preferred Values 

k - 5.8 X 10-12 em3 mol~eulc-l S-1 at 298 K. 

Reference Comments 

Wallington et af., 19901 (a) 

Reliability 
Alog k = ± 0.3 at 298 K. 

Comments on Preferred Values 
The preferred 298 K rate coefficient is based on the 

:suIt: study uf Walling tun et al. 1 

References 

IT. J. Wa1Iington, M. M. Hinman, J. M. Andino, W. O. Siegl and S. M. 
Japar, Int. J. Chern. Kinet. 22, 665 (1990). 

2T. J. Wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atrnos. 
Chern. 10,301 (1990). 

CI + CH3C03N02 -?> products 

Rate coefficient data 

Ternp./K 

Absolute Rale Coefficients 
(3.7 ± 1.7) x 10- 13 298 

Relative Rate Coefficients 
<7 X 10- 15 295 ± 2 

Comments 

(a) Discharge flow system with EPR detection of CI 
atoms. 

(b) Relative rate method. Cl atoms generated by the 
photolysis of Ch in Cb-air-CH3C(O)OON01-CH4 

mixtures at 700 Torr total pressure, with the 
CH3C(O)OON02 and CH4 concentrations being 
monitored by FfIR absorption spectroscopy. Upper 
limit to relative rate coefficient ratio placed on an ab
solute basis by use of k(CI + CH4) = 9.9 x 10-14 

em3 molecule- 1 
S-1 (this evaluation). 

Preferred Values 

k< 2 x 10- 14 cm3 molecule- 1 S-1 at 298 K. 

Comments on Pre/erred Values 
The preferred value is based on the relative rate coef

ficient measurement of Wallington et al,,2 in which no re-

Reference Comments 

Tsalkani et al., 19881 (a) 

Wallington et al., 199()2 (b) 

action of CH3C(O)OON02 was observed in the presence 
of CI atoms. In both studies,1.2 the major impurity in the 
CH3C(O)OON02 samples would be the C1Z1 or C132 

alkane solvent. While this is of no consequence in the rel
ative rate study of Wallington et al.,2 the presence of 
-0_1 % tridecane in the CH3C(O)OONOz sample used 
by Tsalkani et al.1 could account for the CI reaction rate 
observed; their CH3C(O)OON02 sample was > 99% 
pure from IR measurements. The upper limit cited here 
is a factor of -3 higher than measured by Wallington 
et al.2 to allow for higher uncertainties. 

References 

IN. Tsalkani, A. Mellouki, G. Pouiet, G. Toupance, and G. Le Bras, J. 
Atrnos. Chern. 7, 409 (1988). 

2T. J. Wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atm03. 

Chern. 10,301 (1990). 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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CI + CH3CN ~ products 

Rate coefficient data 

Absolute Rate Coefficients 
~ 2.0 x 10- 15 

3.46 X lO-l1 exp[ - (2785 ± 115)/T] 
(8.89 ± 1.24) x lO-IS 

Relative Rate Coefficients 
8 x lO-l1 exp( -3000/T) 

Reviews and Evaluations 
~2.0 x 10- 15 

<2.0 X 10- 15 

Comments 

Temp./K 

298 
478-723 
295 

370-413 

298 
298 

(a) Flash photolysis system with resonance fluorescence 
detection of Cl. 

(b) Discharge flow system with MS detection of Cl. Data 
were obtained over the range 295-723 K, and a 
curved Arrhenius plot was observed. 

( c) Relative rate method. Relative formation rates of 
products monitored in a competitive chlorination sys
tem between CH3CN and CHCh. Placed on an abso
lute basis by use of k(CI + CHCb) = 1.15 x 10- 11 

exp( -1686/T) em3 molecule- 1 S-I. 

(d) See Comments on Preferred Values. 
(e) Based upon the upper limit to the rate coefficient 

measured by Kurylo and Knable.} 

Preferred Values 

k ~ 2 X 10- 15 cm3 moIecule- 1 S-1 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Kurylo and Knable, 19841 

Poulet etal., 19842 

Olbregts, Brasseur and Arijs, 19843 

IUPAC, 19894 

NASA,19905 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 

(d) 
(e) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.4 The preferred 298 K rate coeffip 
cient is based on the upper limit to the rate coefficient 
determined by Kurylo and Knable. l The low temperature 
(~ 410 K) rate coefficient data of Poulet et al.2 could 
have been influenced by a heterogeneous reaction. The 
rate coefficients of Olbregts et al.3 at 370 and 413 K are 
in good agreement with the higher temperature data of 
Poulet et aZ.2 

References 

1M. J. Kurylo and G. L. Knable, J. Phys. Chern. 88, 3305 (1984). 
2G. Poulet, G. Laverdet, J. L. Jourdain, and G. Le Bras, J. Phys. Chern. 
88, 6259 (1984). 

3J. Olbregts, G. Brasseur and E. Arijs, J. Photochem. 24, 315 (1984). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
sNASA Evaluation No.9, 1990 (see references in Introduction). 
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CI + HCOCI --'; HCI + CICO 

Rate coefficient data 

k fcm3 molecule -1 S-l 

Relative Rate Coefficients 
8.8 x lO-13 
(7.8 :t 1.0) x lO-13 
1.2 X lO-l1 exp( - 815fT) 
7.8 x lO-13 

Comments 

Temp./K 

305 
298 ± 2 
266-321 
298 

(a) Relative rate study. Rate coefficient ratios of k(CI + 
HC(O)CI)/k(CI + CH3CI) = 1.85 ± 0.43 and 
k(CI + HC(O)CI)/k(CI + CH2Ch) = 1.66 ± 0.15 
(the errors are two standard deviations) derived from 
the kinetic analysis of HC(O)CI in CI atom-sensitized 
oxidations of CH2Ch and CH3Cl. Placed on an abso
lute basis by use of k(CI + CH3CI) = 5.5 x 10-13 

cm3 molecule- 1 S-1 and k(CI + CH2Ch) = 4.4 x 
10- 13 cm3 molecule- 1 S-1 (this evaluation). The rate 
coefficient cited in the table is the average of the two 
values obtained. 

(b) Relative rate study. Rate coefficient ratio of k(CI + 
HC(O)CI)/k(CI + CH3CI) = 1.6 ± 0.2 determined 
using FfIR absorption spectroscopy in irradiated 
Ch-CH3CI-OrN2 mixtures at 700 Torr total pres
sure. Rate coefficient ratio placed on an absolute ba
sis by use of k(CI + CH3CI) = 4.9 x 10- 13 cm3 

molecule- 1 
S-1 (this evaluation). 

(c) Relative rate study. Cl atoms generated by the pho
tolysis of Ch ill Ch-HC(O)CI-CH4-N2 JIlixtun:s at 
750 Torr total pressure. The concentrations of 
HC(O)Cl) and CH4 were measured by FfIR absorp
tion spectroscopy (HC(O)Cl) and/or gas chromatog
raphy (CH4). Rate coefficient ratios were determined 
over the temperature range 265.8-321.3 K, and 
placed on an absolute basis by use of k(CI + CH4) = 
9.6 x 10- 12 exp( -1350/1') cmJ molecule- 1 S-1 (this 
evaluation). 

Reference 

Sanhueza and Heicklen, 19751 

Niki et al., 198()2 
Libuda et al., 199()3 

Preferred Values 

Comments 

(a) 
(b) 
(c) 

k = 7.8 X 10- 13 cm3 molecule- 1 S-1 at 298 K. 
k = 1.2 X 10- 11 exp (-815/T) cm3 molecule- 1 S-1 over 

the temperature range 265-325 K. 

Reliability 
~log k = 0.15 at 298 K. 
t:a(E/R) = ±300 K. 

Comments on Pre/erred Values 
At 298 K, the rate coefficients of Niki et al.2 and 

Libuda et al.3 are in excellent agreement and are in rea
sonably good agreement with the 305 K rate coefficient 
data of Sanhueza and Heicklen.1 The preferred 298 K 
rate coefficient is that of Niki et al.2 and Libuda et al.,3 
and the temperature dependence is that derived from the 
study of Libuda et al.3 

References 

IE. Sanhueza and J. Heicklen, J. Phys. Chern. 79. 7 (1975). 
2H. Niki, P. D. Maker, C. M. Savage, and L. P. Br~itenbach, Int. J. 

Chern. Kinet. 12, 915 (1980). 
3H. G. Libuda, F. Zabel, E. H. Fink, and K. H. Becker, J. Phys. Chern. 
94, 5860 (1990). 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Mr = -9.8 kJ·mol- 1 

Rate coefficient data 

Relative Rate Coefficients 
(4.8 :t 0.4) x to- 13 

Reviews and Evaluations 
3.4 x to- 11 exp( -1260IT) 
3.3 x to- 11 exp( -1250IT) 

Comments 

Temp./K 

295 :t 2 

233-350 
200-300 

(a) Relative rate coefficient study. CI atoms generated 
from the photolysis of Ch in Ch-CH3CI-CH4-air mix
tures at 700 Torr total pressure. The concentrations 
of CH3CI and CH4 were monitored by FTIR absorp
tion spectroscopy and a rate coefficient ratio k(CI + 
CH3CI)/k(Cl + CH4) = 4.79 ± 0.39 determined. 
Placed on an absolute basis by use of k(CI + CH4) = 
9.9 x 10-14 cm3 molecule- 1 S-1 (this evaluation). 

(b) The 298 K rate coefficient was based on the room 
temperature absolute rate coefficients of Clyne and 
Walker,s Manning and Kuryl06 and Watson et al. 
(unpublished data). The temperature dependence 
was derived from those of Manning and Kuryl06 and 
Watson et al. (unpublished data). 

(c) Based on the absolute rate coefficient data of Man
ning and Kurylo.6 

Preferred Values 

k = 4.9 X 10- 13 cm3 molecule- 1 S-1 at 298 K. 
k = 3.3 X 10- 11 exp( -1250IT) cm3 molecule- 1 S-l 

over the temperature range 233-322 K. 

Reliability 
~log k = ±O.lS at 298 K. 
/l(E/R) = ±300 K. 

J. Phys. Chern. Ref. Data, Vol. 21, NO.6, 1992 

Reference 

Wallington et al., 19901 

CODATA, 1980;2 IUPAC, 19893 

NASA,19904 

Comments on Pre/erred Values 

Comments 

(a) 

(b) 
(c) 

At 298 K, the absolute rate coefficients of Clyne and 
Walke~ and Manning and Kuryl06 and the relative rate 
coefficient of Wallington et al.1 are in good agreement. 
However, the temperature dependencies measured by 
Clyne and WalkerS and Manning and Kuryl06 do not 
agree. The preferred 298 K rate coefficient is the average 
of those of Manning and Kuryl06 and Wallington et ai., 1 

and the temperature dependence is that of Manning and 
Kurylo.6 The preferred Arrhenius expression is identical 
to the NASA recommendation.4 

References 

IT. J. Wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atmos. 
Chem. 10, 301 (1990). 

2CODATA, 1980 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
sM. A. A. Clyne and R. F. Walker, J. Chem. Soc. Faraday Trans. 1,69, 

1547 (1973). 
6R. G. Manning and M. J. Kurylo, J. Phys. Chem. 81, 291 (1977). 
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\/1" -19.9 kJ'mol- 1 

Rate coefficient data 

4/nn3 molecule -I S-1 

t 'l.IOiute Rate Coefficients 
(5.0 ± 0.5) X 10- 13 

H.4 X 10- 11 exp[ - (1448 ± 60)/TJ 
(7.52 ± 1.0) x 10- 13 

U,.[ative Rate Coefficients 
9.6 x 10- 12 exp( -910fT) 
4.5 x 10- 13 

(3.74 ± 0.40) x 10- 13 

Comments 

Temp./K 

298 
298-621 
298 

273-563 
298 
298 + 2 

(a) Flash photolysis system with resonance fluorescence 
detection of Cl atoms. The reported rate coefficient 
has been decreased by 10%, as discussed previously.5 

(b) Discharge flow system with MS detection of CH2Ch 
in the presence of excess CI atom concentrations. 

(c) Relative rate method. CI atoms generated by photol
ysis of Ch in Ch-CH2Ch-CH4 mixtures. Organic re
actants and products were monitored by GC, and the 
rate coefficient ratio of k (Cl + CH:2Ch)/k(Cl + 
C~) = 1.0 exp[(440 ± 20)/T] placed on an absolute 
basis by use of k(Cl + CH4) = 9.6 x 10- 12 

exp( -1350/T) cm3 molecule- 1 
S-l (this evaluation). 

(d) Relative rate study. CI atoms generated by the pho
tolysis of Ch in Clr CH2Clr CH3CI-air mixtures at 
700 Torr total pressure. Concentrations of CH3Cl 
and CI hCh were monitored by rTIR absorption 
spectroscopy, and a rate coefficient ratio of k(CI + 
CH2Ch)/k(CI + CH3CI) = 0.76 ± 0.09 determined. 
This rate coefficient ratio has been placed on an ab
solute basis by use of k(Cl + CH3CI) = 4.9 x 10- 13 

cm3 molecule- 1 
S-1 (this evaluation). 

Preferred Values 

k = 4.1 X 10-13 cm3 molecule- 1 S-1 at 298 K. 
k -- 8.7 X 10- 12 exp( 910fT) em3 moleeule- 1 6- 1 over 

the temperature range 270-330 K. 

Reference 

Davis, Braun and Bass, 19701 

Clyne and Walker, 19732 

Knox, 19623 

Niki Rt 01_, 19804 

Reliability 
.6.1og k = ± 0.25 at 298 K . 
.6.(E/R) = ±400 K. 

Comments on Prefe"ed Values 

Comments 

(a) 
(b) 

(c) 

(d) 

The reported rate coefficient data exhibit appreciable 
scatter in both the room temperature rate coefficients as 
well as in the temperature dependencies. At room tem
perature, the rate coefficients derived from the relative 
rate studies of Knox3 and Niki et al.4 are in reasonable 
~greement, ~nn snggest ~ self-consistent nMa set for the 
rate coefficients of the Cl atom reactions with CH4, 

CH3Cl and CH2Ch. Accordingly, the preferred 298 K rate 
coefficient is the average of those of Knox3 and Niki 
et al.,4 with the temperature dependence being that 
derived from the data of Knox.3 Analogous to the Cl + 
CH4 reaction, the room temperature rate coefficients of 
Davis et al.1 and Clyne and Walker2 and the temperature 
dependence of Clyne and Walker2 are higher than the 
preferred values. 

References 

ID. D. Davis, W. Braun, and A. M. Bass, Int. J. Chem. Kinet. 2, 101 
(1970). 

2M. A. A. Clyne and R. F. Walker, 1. Chern. Soc. Faraday Trans. 1, 69, 
1547 (1973). 

31. H. Knox, Trans. Faraday Soc. 58, 275 (1962). 
4H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, Int. 1. 

Chem. Kinet. 12, 1001 (1980). 
5CODATA, 1980 (see references in Introduction). 
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CI + CHCIa ~ HCI + CCI3 

!:Jl0 = -39.2 kJ'mol- l 

Rate coefficient data 

Absolute Rate Coefficients 
1.45 X 10-11 exp[ - (1379 ± 44)/T] 
(1.47 ± 0.35) X 10- 13 

Relative Rate Coefficients 
2.7 X 10- 12 exp( -l090/T) 
7.0 x 10- 14 

8.6 X 10- 12 exp( -1385/T) 
8.2 x 10- 14 

Comments 

Temp./K 

297-652 
297 

286-593 
298 
240-593 
298 

(a) Discharge flow system with MS detection of CHCh in 
the presence of excess Cl atom concentrations. 

(b) Relative rate study. CI atoms generated by photolysis 
of Ch in Clr CHCh-CH4 or Ch-CHCh-CH3Cl mix
tures. Organic reactants and products monitored by 
GC. 

(c) Rate coefficient ratio of k(CI + CHCb)/k(Cl + 
ClL) = 0.286 exp(259/T) obtained, and placed on an 
absolute basis by use of k(CI + CH4) = 9.6 x 10- 12 

exp( -1350/T) cm3 molecule-1 S-1 (this evaluation). 
(d) Rate coefficient ratio of k(CI + CHCh)/k(CI + 

CH3CI) = 0.26 exp( - 133/T) obtained, and placed 
on an absolute basis by use of k(CI + CH3Cl) = 
3.3 x 10-11 exp( -1250/T) cm3 molecule- 1 S-1 (this 
evaluation ). 

Preferred Values 

k = 7.6 X 10- 14 cm3 molecule-1 S-1 at 298 K. 
k = 4.9 X 10-12 exp( -1240IT) em" moleeule- t s-t 

over the temperature range 240-330 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Clyne and Walker, 19731 

Knox, 19622 

Knox, 19622 

Reliability 
~log k = ± 0.3 at 298 K. 
!l(E/R) = ±400 K. 

Comments on Preferred Values 

Comments 

(a) 

(b,c) 

(b,d) 

The preferred values are based on the relative rate 
studies of Knox,2 with the uncertainty limits being suffi
cient to encompass the data of Clyne and Walker. 1 

References 

1M. A. A. Clyne and R. F. Walker, J. Chern. Soc., Faraday Trans. 1,69, 
1547 (1973). 

2J. H. Knox, Trans. Faraday Soc. 58, 275 (1962). 
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Rate coefficient data 

J.. fcm3 molecule - 1 S - 1 

Absolute Rate Coefficients 
<2.40 x 10- 14 

<3.68 X 10- 14 

<7.74 X 10- 14 

Reviews and Evaluations 
<4 x 10-14 

<4.0 X 10- 14 

Comments 

Temp./K 

259 
298 
356 

298 
298 

(a) Pulsed laser photolysis of Clz with resonance fluor
escence detection of Cl. Experiments were also 
performed at 403 K, at which temperature non expo
nential decays of Cl atoms were observed. The au
thors concluded that the presence of a reactive 
impurity accounted for a significant fraction of the 
observed CI atom decay, and therefore reported only 
upper limits for k. 

(b) See Comments on Preferred Values. 
(c) Based on results of Wine et al. 1 

Preferred Values 

k < 4 X 10-14 cm3 molecule- 1 
S-1 at 298 K. 

Reference 

Wine, Semmes, and Ravishankara, 19821 

CODATA, 1984;2 IUPAC, 19893 

NASA, 19903 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

This data sheet is reproduced from our previous evalu
ation, CODATA 198/j.2 The preferred value is based on 
the only reported studyl of this reaction. The observed 
decay rate included a significant contribution from a re
active impurity and therefore only an upper limit for the 
rate coefficient could be derived. This reaction is too slow 
tn be of importance in atmospheric chemistry. 

References 

Ip. H. Wine, D. H. Semmes, and A. R. Ravishankara, Chern. Phys. Lett. 
90, 128 (1982). 

2CODATA, Supplement II, 1984 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (sec references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 

HO + HCI -:)- H20 + CI 

AIr == -67.5 kJ'mol- 1 

molecule -1 S - 1 

Absolute Rate Coefficients 
(6.8 ::t 0.25) x 10- 13 

2.94 X 10- 12 exp[ - (44n ± 32)/T] 
(6.7 ± 0.46) x 10- 13 

4.6 X 10- 12 exp[ - (500 ± 60)/T] 
(8.5 ± 0.4) x 10- 13 

2.1 X 10- 12 exp[ - (285 ± 40)/T] 
(7.9 ± 0.4) x 10- 13 

2.4 X 10- 12 exp[ - (327 ::t 28)/T] 
(8.01± 0.44) x 10- 13 

Reviews and Evaluations 
2.4 x 10- 12 exp( - 330fT) 
2.6 x 10- 12 exp( -350fT) 

Temp./K 

298 
100-700 

298 
240-295 
298 
2liR-334 
298 
240-363 
298 

200-300 
200-300 

Rate coefficient data 

Reference Comments 

Cannon el al., 19841 (a) 
Hm:ain, Plane and Xiang, 19842 (b) 

Molina, Molina and Smith, 19843 (c) 

KeY"f'T, 19844 (d) 

Ravishankara et al., 19855 (e) 

IUPAC, 19896 (f) 
NASA, 19907 (g) 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Flash photolysis system with LIF detection of HO. 
(b) Flash photolysis of H20 with the HO radical decay 

being monitored by time-resolved resonance fluores
cence. 

( c) Flash photolysis system with HO decay monitored by 
both resonance fluorescence and resonance absorp
tion (298 K only) techniques. 

(d) Discharge flow system with resonance fluorescence 
detection using high pressure flow system. 

(e) Flash photolysis of H20 or laser photolysis (266 nm) 
of O.JH20 or H20 2 to produce HO. Time resolved 
resonance fluorescence detection. Data obtained 
over temperature range 240-1055 K best represented 
by the three parameter expression k = 4.5 X 10- 17 

TI.b5 exp(112fT) cm3 molecule -1 s -1. 

(f) See Comments on Preferred Values. 
(g) Based on data of Molina et ai.,3 Keyser4 and Ravis

hankara et ai.,s which gave higher room temperature 
values than earlier data. 

Preferred Values 

k = 8.1 X 10- 13 cm3 molecule- 1 S-1 at 298 K. 
k = 2.4 X 10-12 exp( -330fT) cm3 molecule- 1 

S-1 over 
the temperature range 200-300 K. 

Reliability 
dlog k = ±0.1 at 298 K. 
d(EfR) = ± 150 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.6 The most recent studies of Molina 
et al.,3 Keyser4 and Ravishankara et al.,s which paid 

careful attention to the [HCI] present in the experiments 
all show room temperature values higher by about 20-
25% than the other studies.8-13 Ravishankara et al.' 
showed that HCllosses can be a problem, leading to lo~ 
k values, and this is a plausible cause of these discrepan· 
cies. The higher value, k(298) = 8.1 x 10- 13 cm: 
molecule -1 s -1 (average of the three studies) is the mosl 
reliable value. The preferred temperature dependent ex· 
pression for the range 200-300 K is obtained by weighted 
linear least squares fit to the data from these three stud· 
ies.3-S Ravishankara et al.s reported the three parameter 
expression k = 4.5 X 10-17 T1.6S exp(112/T) cm2 

molecule- 1 S-1 for the temperature range 240-1055 K, 
which gives a good description of the non-Arrhenius 
behavior. 

References 

lB. D. Cannon, J. S. Robertshaw, I. W. M. Smith, and M. D. Williams, 
Chern. Phys. Lett. lOS, 380 (1984). 

zU. Husain, J. M. Co Plane, and Co C. Xiang, J. Chern. Soc. Faraday 2, 
80, 713 (1984). 

3M. J. Molina, L. T. Molina, and C. A. Smith, Int. J. Chern. Kinet. 16, 
1151 (1984). 

4L. Keyser, J. Phys. Chern. 88, 4750 (1984). 
sA. R. Ravishankara, P. H. Wine, 1. R. Wells, and R. L. Thompson, Int. 
J. Chern. Kinet. 17, 1281 (1985). 

6IUPAC, Supplement III, 1989 (see references in Introduction). 
'NASA Evaluation No.9, 1990 (see references in Introduction). 
8G. A. Takacs and G. P. Glass, J. Phys. Chern. 77, 1948 (1973). 
9M. S. Zahniser, F. Kaufman, and J. O. Anderson, Chern. Phys. Lett. 27, 

507 (1974). 
101. W. M. Smith and R. Zellner, J. Chern. Soc. Faraday 2, 70, 1045 
(1974). 

llA. R. Ravishankara, G. Smith, R. T. Watson, and D. D. Davis, J. Phys. 
Chern. 81, 2220 (1977). 

12W. Hack, G. Mex, and H.-Gg. Wagner, BeT. Bunsenges Phys. Chern. 
81, 677 (1977). 

i3D. Husain, J. M. C. Plane, and N. K. H. Slater, J. Chern. Soc. Faraday 
2, 77, 1949 (1981). 

HO + HOCI ~ CIO + H20 

kfcm3 moiecule- 1 S-1 

Absolute Rate Coefficients 
(1.7 - 9.5) x 10- 13 

Reviews and Evaluations 
3.0 X 10- 12 exp( -500fT) 
3.0 x 10- 12 exp( -500fT) 

Temp./K 

298 

200-300 
200-300 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Rate coefficient data 

Reference 

Ennis and Birks, 19881 

IUPAC, 19892 

NASA,19903 

Comments 

(a) 

(b) 
(c) 
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Comments 

(a) Discharge flow system with MS detection of HOCI 
and LIF detection of HO decay in excess HOCl. Cor
rections made for reaction of HO with Ch (k = 
5.5 x 10- 14 cm3 molecule- l 

S-1 4) and with ChO (k 
= 9.4 x 10-12 cm3 molecule- t S-1 measured in the 
same study) and also secondary reactions which 
could complicate the kinetics. 

(b) See Comments on Preferred Values. 
( c) Based on data from reference 1 and assuming the A 

factor is the same as that for the HO + H20 2 reac
tion. 

Preferred Values 

k = 5.0 X 10- 13 cm3 molecule- 1 
S-1 at 298 K. 

k = 3.0 X 10- 12 exp{ -500fT) cm3 molecule- 1 S-1 over 
the temperature range 200--300 K. 

Reliability 
~log k = ± 0.5 at 298 K. 
~(EfR) = ±500 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.2 The only reported experimental 
value1 has a large uncertainty. Following the NASA eval
uation3

, the preferred value is based on the mid-range 
value of 5 x 10- 13 cm3 molecule- 1 S-1 at 298 K from the 
study of Ennis and Birksl and an A factor of 3.0 x 10- 12 

cm3 molecule -I s -I, i.e., equal to that for the HO + H20 2 

reaction. 

References 

Ie. A. Ennis and J. W. Birks, J. Phys. Chern. 92, 1119 (1988). 
2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
dM. T. Leu <UIU C. L. Lill, Ot,;uphy:>. RL::>. Leu. 6, 42.5 (1979). 

HO + CIO ~ H02 + CI (1) 

~ HCI + O2 (2) 

MfO(l) -5 kJ'mol- 1 

M{O(2) = - 234 kJ'mol- 1 

Rate coefficient data (k = k, + k2) 

Absolute Rate Coefficients 
8.0 x 10- 12 exp[(235 ± 46)/T] 
(1.75 ± 0.31) x 10- 11 

(1.19 ± 0.09) x 10- 11 

(1.94 ± 0.38) x 10-11 

Relative Rate Coefficients 
kl/k = 0.86 ± 0.14 
kl/k = 0.85 ± 0.07 
kllk = n QR + 0 12 

Reviews and Evaluations 
1.1 x 10- 11 exp(120/T) 
1.1 x 10- 11 exp(120IT) 

Comments 

Temp./K 

219-373 
298 
243-298 
298 

298 
243-298 
?QR 

200-373 
200-300 

(a) Discharge flow system with LMR detection of HO, 
CIO and H02• Pseudo~first order with [CIO] > > 
rHol. Branching ratio determined from H02 produc
tion after correction for secondary chemistry arising 
from CI + H02 reaction. 

(b) Discharge flow system with resonance fluorescence 
detection of HO, and indirectly for CIO and H02 af
ter conversion to CI and HO by titration with NO. 
Corrected H02 yield used to determine branching 
ratio. 

(c) Discharge flow system with LIF detection of HO in 
presence of excess CIO. Molecular beam MS 

Reference 

Hills and Howard, 19841 

Burrows, Wallington and Wayne, 19842 

Poulet, Laverdct' and Lc Bras, 19863 

Hills and Howard, 19841 

Burrows, Wallington and Wayne, 19842 

Poulet, Lavcrdct and Lc Bras, 19863 

IUPAC, 19894 

NASA,19905 

Comments 

(a) 

(b) 
(c) 

(a) 
(b) 
(c) 

(d) 
(e) 

detection of CI, CIO, HCI, N02, OCIO, etc. Rate 
coefficient k determined by two direct methods and 
one relative rate method in which k(HO + OCIO) 
= 6.9 x 10- 12 cm3 molecu]e- 1 S-1 5 was used as a 
reference reaction. Branching ratio determined from 
yield of HCl, after correction for HCI production 
from CI + H02 reaction. 

(d) See Comments on Preferred Values. 
(e) Based on data of Hills and Howard,1 Burrows etal.2 

and Poulet et a/.3 Earlier data6
•
7 not used because 

[CIO] was not measured directly. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Preferred Values 

k = 1.7 X 10-11 cm3 molecule- 1 S-1 at 298 K. 
k = 1.1 X 10-11 exp(120/T) cm3 molecule- 1 S-1 over 

the temperature range 200-373 K. 
kdk = 0.98 at 298 K. 

Reliability 
Alog k = ± 0.2 at 298 K. 
A(E/R) = ± 150 K. 
/:l(kl/k) = ~g:~i at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.4 The preferred rate coefficient k is 
based on the three recent studiesl-

3 in which [CIO] was 
measured directly. The uncertainty reflects the differ
ences in the 298 K values and the reported temperature 

coefficients. The measurement of the branching ratio for 
HCI formation based on measurement of the HCI stable 
produce is more accurate since this is clearly the minor 
channel. However the uncertainties do not allow the oc
currence of this HCI channel to be eliminated com
pletely. 

References 

IA. 1. Hills and C. 1. Howard, 1. Chern. Phys. 81,4458 (1984). 
21. P. Burrows, T. 1. Wallington, and R. P. Wayne, 1. Chern. Soc. Fara-
day 2, 80, 957 (1984). 

3G. Poulet, G. Laverdct, and G. Le Bras, 1. Phys. Chern. 90,159 (1986). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6A. R. Ravishankara, F. L. Eisele, and P. H. Wine, 1. Chern. Phys. 78, 

1140 (19R3). 
7M. T. Leu and C. L. Lin, Geophys. Res. Lett. 6, 425 (1979). 

HO + OCIO ~ HOCI + O2 (1) 

~ H02 + CIO (2) 

MfD(l) = -218 kJ'rnol- J 

MfD(2) = -24 kJ'rnol-1 

Rate coefficient data (k = kl + k2 ) 

k/crn3 rnolecule- I S-I Ternp./K 

Absolute Rate Coefficients 
4.50 x 10- 13 exp[(804 ± 114)/T] 293-473 
(6.86 ± 0.44) x 10- 12 298 

Reviews and Evaluations 
4.5 x 10- 13 exp(800/T) 290-480 
4.5 x 10-13 exp(800/T) 200-300 

Comments 

(a) Discharge flow system with EPR and LIF detection 
of pseudo-first order decay of HO in excess OCIO. 
HOCI product detected by modulated molecular 
beam mass spectrometry, calibrated using the HO + 
Ch reaction as a source of HOCI. A relative rate co
efficient of kdk > 0.80 was obtained, and the results 
suggest that reaction (1) is the exclusive channel. 
Pressure = 0.5 - 1.4 Torr. 

(b) See Comments on Preferred Values. 
(c) Based on the single study of Poulet et a/. J 

Preferred Values 

kl = 7.0 X 10-12 cm3 molecule- 1 S-1 at 298 K. 
kl = 4.5 X 10- 13 exp(800/T) cm3 molecule- 1 S-1 over 

the temperature range 290-480 K. 
k2 = O. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Poulet, Zagogianni and Le Bras, 19861 

IUPAC, 19892 

NASA,19903 

Reliability 
.1.1og kl 
tl.(E/R) 

± 0.3 at 298 K. 
±200 K. 

Comments on Pre/erred Values 

Comments 

(a) 

(b) 
(c) 

This data sheet is reproduced from our previous evalu
atiori, IUPAC, 1989.2 The preferred values are based on 
the single experimental study of Poulet et a/. l Indication 
of CUIvature in the Arrhenius plot dictates caution in ex
trapolation beyond the experimental range. 

References 

IG. Poulet, H. Zagogianni, and G. Le Bras, Int. 1. Chern. Kinet. 18, 847 
(1986). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
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HO + CIN02 ---) HOCI + N02 

!lIr = -97 kJ'mol- 1 

Rate coefficient data 

kfcm3 molecule- 1 S-1 

Absolute Rate Coefficients 
(3.5 ± 0.7) x 10- 14 

Comments 

Temp.!K 

298 

(a) Fast now discharge system used. Pseudo-first-order 
decays of HO in the presence of excess CIN02 mon
itored by resonance fluorescence. The value reported 
is based on the results with halocarbon wax and phos
phoric acid coated tubes; the results with a boric acid 
coated tube were significantly higher. Mass spec
trometry showed HOCI to be the major product, and 
no HON02 or Ch were detected. 

Preferred Values 

k = 3.5 X 10- 14 cm3 molecule- 1 
S-1 at 298 K. 

Reference Comments 

Ganske et al., 1991 1 (a) 

Reliability 
dlog k = ±O.3 at 298 K. 

Comments on Preferred Values 
The preferred value is based on results of Ganske 

et a/. J from the only reported study of this rate coeffi
cient. Mass spectrometric studies showed HOCI to be the 
major product, with no evidence for production of 
HON02 or C}z, thereby showing that the only reaction 
pathway is that yielding HOCI + N02• 

Reference 

IJ. A. Ganske, M. J. Ezell, H. N. Berko, and B. J. Finlayson-Pitts, Chem. 
Phys. Lett. 179, 204 (1991). 

HO + CION02 ---) HOCI + N03 (1) 

!lIr(1) = -76 kJ'mol- 1 

Mr(2) = 8 kJ'mol- 1 

M{O(2) = - 95 kJ'mol- 1 

kfcm3 molecule- 1 S-1 

Rate 
(3.7 ± 0.4) x 10- 13 

1.19 x 10- 12 exp( -333fT) 
(3.93 .L 0.11) x 10- 13 

Reviews and Evaluations 
1.2 x 10 -12 exp( - 330fT) 
1.2 X 10- 12 exp( - 330fT) 

---) H02 + CIONO (2) 

---) HON02 + CIO (3) 

Rate coefficient data (k = kl + k/l. + ka) 

Temp./K Reference Comments 

245 Ravishankara et al., 19771 (a) 
246-387 Zahniser et al., 19772 (b) 
29.5 

246-387 CODATA, 19803; IUPAC, 19894 (c) 
200-300 NASA,19905 (d) 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Static system using a flash photolysis system with res
onance fluorescence detection of HO. 

(b) Discharge flow system with resonance fluorescence 
detection of HO. 

(c) See Comments on Preferred Values. 
(d) Based on data of Zahniser et al.2 

Preferred Values 

k = 3.9 X 10-13 cm3 molecule- 1 S-1 at 298 K. 
k = 1.2 X 10-12 exp( -330fT) cm3 molecule- 1 S-1 over 

the temperature range 246-387 K. 

Reliability 
~Iog k = :::!: 0.2 at 298 K. 
/l(E/R) = ±200 K. 

aIr = -77.3 kJ'mol- 1 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1980.3 The results of the only two re
ported studies are in good agreement at 245 K (within 
25%) considering the difficulties associated with han
dling CION02• The preferred value is that of Zahniser 
et aZ.2 Neither study reported any data on the reaction 
products. 

References 

lA. R. Ravishankara, D. D. Davis, G. Smith, G. Tesi, and J. Spencer, 
Geophys. Res. Lett. 4, 7 (1977). 

2M. S. Zahniser, J. S. Chang, and F. Kaufman, J. Chem. Phys. 67,997 
(1977). 

3CODATA, 1980 (see references in Introduction). 
4IUPAC. Supplement III. 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 

Rate coefficient data 

k/cm3 molecule-1 S-1 Temp./K 

Absolute Rate Coefficients 
2.21 x 10-21 T301! exp[ - (232 ± 423)/T] 247-483 
(3.95 ± 0.26) x 10- 14 293 
8.38 x 10- 18 T138 exp[ - (1202 ± 72)/T] 295-800 
(4.9 ± 0.6) x 10- 14 295 
(5.3 ± 0.8) x 10-14 298 

Reviews and Evaluations 
1.9 x 10- 12 exp( -1120/T) 247-350 
3.50 x 10 -18 T2 exp( - 585/T) 247-483 
2.1 x 10- 12 exp( -1150/T) 247-400 

Comments 

(a) Discharge flow system with resonance fluorescence 
detection of HO. 

(b) Laser photolysis system with LIF detection of HO. 
( c) Derived from the rate coefficient data of Howard 

and Evenson,9 Perry et al., 10 Davis et al.,ll Paraskevo
poulos et 01.12 and Jeong and Kaufman. 1 The pre
ferred Arrhenius expression was obtained from the 
data obtained at :s:: 350 K. 

(d) Derived from the absolute rate coefficient data of 
Howard and Evenson,9 Perry et al., 10 Davis et al., 11 

Paraskevopoulos et al Y and Jeong and Kaufman,! 
using the three parameter equation k = CT2 

exp( - D IT). The data of Taylor et al.,3 which are in 
good agreement with this recommended rate coeffi
cient expression at temperatures =:::; 378 K (but are 
significantly higher over the range 428-800 K), were 
not used in the evaluation. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Jeong and Kaufman, 19821.2 (a) 

Taylor et al., 19893 (b) 

Brown, Canosa-Mas and Wayne, 19904 (a) 

CODATA, 19825
; IUPAC, 19896 (c) 

Atkinson, 19897 (d) 
NASA,19908 (e) 

(e) Derived from the rate coefficient data of Howard 
and Evenson,9 Perry et al., 10 Davis et al., 11 Paraskevo
poulos et al.12 and Jeong and Kaufman, l using only 
the rate coefficients obtained at temperatures 
<400 K. 

Preferred Values 

k = 4.3 X 10- 14 cm3 molecule- I S-1 at 298 K. 
k = 1.8 X 10- 12 exp( -l11S/T) cm3 molecule- 1 S-1 

over the temperature range 240-300 K. 

Reliability 
/llog k = ± 0.10 at 298 K. 
/l(E/R) = ±200 K. 
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Comments on Preferred Values 
At room temperature and below, the absolute rate co

efficients of Howard and Evenson,9 Perry et al., 10 Davis 
et al.,ll Paraskevopoulos et al.,u Jeong and Kaufman1 and 
Taylor et al.3 are in good agreement. However, the rate 
coefficients determined by Taylor et al.3 at temperatures 
of - 428-485 K are significantly higher than those of 
Perry et al.10 and Jeong and Kaufman,1 and use of the rate 
data of Taylor et al.J leads to a rate expression which pre
dicts rate coefficients at - 250 K which are - 30% lower 
than those reported by Davis et al. ll and Jeong and Kauf
man.1 The'room temperature rate coefficient of Brown 
et al.4 is - 20-25% higher than other data,I.9--12 and is not 
used in the evaluation. The rate coefficients of Howard 
and Evenson,9 Perry et al., 10 Davis et a/. ll Paraskevopou
los et al. ll. and Jeong and Kaufman 1 have been fitted to 
the three parameter equation k = CT2 exp( - D IT), re
sulting in k = 3.50 X 10- 18 T2 exp( - 5851T) cm3 

molecule- 1 S-1 over the temperature range 247-483 K. 
The preferred Arrhenius expression, k = A exp( - BIT), 
is centered at 265 K and is obtained from the three 
parameter equation with A = C e2 T2 and B = D + 2T. 

The preferred rate coefficient expression is very similar 

to our previous evaluation, CODATA, 1982,5 and uses 
the same rate coefficient data set. 

References 

IK.-M. Jeong and F. Kaufman, J. Phys. Chern. 86, 1808 (1982). 
2K.-M. Jeong, K.-J. Hsu, 1. B. 1effries, and F. Kaufman, 1. Phys. Chern. 
88, 1222 (1984). 

3p. H. Taylor, 1. A. D'Angelo, M. C. Martin, 1. H. Kasner, and B. 
Dellinger, lnt. J. Chern. KInet. Zl, ~l~ (l~~~). 

4A. C. Brown, C. E. Canosa-Mas, and R. P. Wayne, Atmos. Environ. 
24A, 361 (1990). 

5CODATA, Supplement I, 1982 (see references in Introduction). 
6IUPAC, Supplement III, 1989 (see references in Introduction). 
7R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
8NASA Evaluation No.9, 1990 (see references in Introduction). 
9C. 1. Howard and K. M. Evenson, J. Chern. Phys. 64, 197 (1976). 
1f'R. A. Perry, R. Atkinson, and J. N. Pitts, Jr., J. Chem. Phys. 64,1618 
(1976). 

110. D. Davis, G. Machado, B. Conaway, Y. Oh, and R. Watson, J. 
Chern. Phys. 65, 1268 (1976). 

120. Paraskcvopoulos, D. L. Singleton, and R. S. Irwin, J. Phys. Chern. 
85,561 (1981). 

HO + CH2FCI (HCFC-31) ~ H20 + CHFCI 

Rate coefficient data 

Temp./K 

Absolute Rate Coefficients 
(3.7 ± 0.6) x 10- 14 296 
(2.84 ± 0.3) x 10- 12 exp[ - (1259 ± 50)/T] 245-375 
(4.21 ± 0.41) x 10- 14 298 
(3.1 ± 0.9) x 10- 12 exp( - (1320 ± 100)/T] 273-373 
(3.5 ;;!;; 0.7) x 10- 14 293 
(4.45 ± 0.66) x 10- 14 297 
1.57 x 10 -19 T241 exp[ - (307 ± 382)/T] 250-486 
(4.94 ± 0.30) x 10- 14 295 

Reviews and Evaluations 
2.6 X 10- 12 exp( -121O/T) 
3.77 x 10- 18 T2 exp( -604/T) 
3.0 x 10- 12 exp( -1250/T) 

Comments 

245-350 
245-486 
245-400 

(a) Discharge flow system with LMR detection of HO. 
(b) Flash photolysis system with resonance fluorescence 

detection of HO. 
(c) Flash photolysis system with UV absorption detec

tion of HO. 
(d) Discharge flow system with resonance fluorescence 

detection of HO. 
(e) Derived from the absolute rate coefficients of 

Howard and Evenson, l Watson et al.,2 Handwerk and 
Zellner,3 Paraskevopoulos et al.4 and Jeong and 
Kaufman,s using only the rate coefficients obtained 
at temperatures ~ 350 K. 

Reference 

Howard and Evenson, 19761 

Watson el aI., 19772 

Handwerk and Zellner, 19783 

Paraskevopoulos, Singleton and Irwin, 19814 

Jeong and Kaufman, 19825,6 

CODATA, 19827
; IUPAC, 198911 

Atkinson, 19899 

NASA, 199010 

Comments 

(a) 
(b) 

(c) 

(c) 
(d) 

(e) 
(t) 
(g) 

(t) Derived from the absolute rate coefficients of 
Howard and Evenson, l Watson et al.,2 Handwerk and 
Zellner,3 Paraskevopoulos et a/.4 and Jeong and 
Kaufman,s using the three parameter equation k = 
CT2 exp( -DIT). 

(g) Derived from the absolute rate coefficients of 
Howard and Evenson, l Watson et al.,2 Handwerk and 
Zellner,3 Paraskevopoulos et al:1 and Jeong and 
Kaufman,s using only the rate coefficients obtained 
at temperatures < 400 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Preferred Values 

k = 4.4 X 10-14 cm3 molecule-1 S-1 at 298 K. 
k = 2.0 X 10- 12 exp( -1135IT) cm3 molecule-1 S-1 

over the temperature range 240-300 K .. 

Reliability 
alog k = ± 0.10 at 298 K. 
a(EIR) = ±200 K. 

Comments on Preferred Values 
The rate coefficients measured by Howard and Even

son,1 Watson et al., 2 Handwerk and Zellner,3 Paraskevo
poulos et al.4 and Jeong and Kaufman5 are in reasonably 
good agreement at ;:::290 K, although there is a significant 
discrepancy between the rate coefficients of Watson 
et al.2 and Jeong and Kaufman5 at - 250 K. The data 
from all five studies l

-
s have been fitted to the three 

parameter equation k = CT2 exp( - D IT), resulting in k 
= 3.77 X 10- 18 T2 exp( -604IT) cm3 molecule- 1 S-1 over 

MfO = - 66.4 kJ'mol- 1 

the temperature range 245-486 K. The preferred Arrhe
nius expression, k = A exp( - BIT), is centered at 265 K 
and is obtained from the three parameter equation with 
A = C e2 T2 and B = D + 2T. 

References 

Ie. J. Howard and K M. Evenson, J. Chern. Phys. 64, 197(1976). 
2R. T. Watson, G. Machado, B. Conaway, S. Wagner, and D. D. Davis, 
J. Phys. Chern. 81, 256 (1977). 

3V. Handwerk and R. Zellner, Ber. Bunsenges Phys. Chern. 82, 1161 
(1978). 

40. Paraskevopoulos, D. L. Singleton, and R. S. IIwin, J. Phys. Chern. 
85,561 (1981). 

5K-M. Jeong and F. Kaufman, J. Phys. Chern. 86, 1808 (1982). 
liK-M. Jeong, K-J. Hsu, J. B. Jeffries, and F. Kaufman, J. Phys. Chern. 

88, 1222 (1984). 
7CODATA, Supplement I, 1982 (see references in Introduction). 
IIIUPAC, Suppelment III, 1989 (see references in Introduction). 
9R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
JONASA Evaluation No.9, 1990 (see references in Introduction). 

Rate coefficient data 

Absolute Rate Coefficients 
(4.58 ± 0.58) x to-IS 
5.03 x to- 28 T511 exp[(252 ± 780)IT] 
(4.83 ± 0.32) x to-IS 

Reviews and Evaluations 
1.1 x to- 12 exp( -1620IT) 
1.51 x to-III T2 exp( -1000IT) 
1.2 X 10- 12 exp( -16.5U1r) 

Comments 

Temp./K 

297 
293-482 
293 

250-360 
250-482 
2.50-400 

(a) Flash photolysis system with UV absorption detec
tion of HO. 

(b) Discharge flow system with resonance fluorescence 
detection of HO. 

(c) Derived from the absolute rate coefficients of Atkin
son et al.,8 Howard and Evenson,9 Watson et al., 10 

Chang and Kaufman,l1 Handwerk and Zellner,12 
Paraskevopoulos et al.1 and Jeong and Kaufman,2 us
ing only the rate coefficients obtained at tempera
tures ~ 360 K. 

(d) Derived from the absolute rate coefficients of Atkinson 
et al.,8 Howard and Evenson,9 Watson et al.,lO Chang 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Paraskevopoulos, Singleton and Irwin, 19811 (a) 
Jeong and Kaufman, 19822•3 (b) 

CODATA, 19824; IUPAC, 19895 (c) 
Atkinson, 19896 (d) 
NASA, 199W (e) 

and Kaufman. lI Handwerk and Zellner,12 Paraskevou
polos et al.1 and Jeong and Kaufman,2 using the three 
parameter equation k = CT2 exp( - D IT). 

(e) Derived from the rate coefficients of Atkinson et al.,8 

Howard and Evenson,9 Watson et al., 10 Chang and 
Kaufman,!1 Handwerk and Zellner,12 Paraskevopou
los et al.1 and Jeong and Kaufman,2 using only the 
rate coefficients obtained at temperatures < 400 K. 

Preferred Values 

k = 4.6 X 10- 15 cm3 molecule- I S-I at 298 K. 
k = 7.8 X 10- 13 exp( -1530IT) cm3 molecule-1 S-1 

over the temperature range 240-300 K. 
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Reliability 
Alog k = ± 0.10 at 298 K. 
Il(E/R) = ±200 K. 

Comments on Preferred Values 
The absolute rate coefficients of Atkinson et al ;,8 

Howard and Evenson,9 Watson et al., 10 Chang and Kauf
man,11 Handwerk and Zellner, 12 Paraskevopoulos et al. 1 

and Jeong and Kaufman2 have been fitted to the three 
parameter equation k = CT2 exp( - D IT), resulting in k 
= 1.51 X 10- 18 T2 exp( -lOOO/T) cm3 molecule-1 S-1 

over the temperature range 250-482 K. The preferred 
Arrhenius expression, k = A exp( - B IT), is centered at 
265 K and is obtained from the three parameter equation 
with A = C e2 T2 and B = D + 2T. This preferred 
Arrhenius expression yields rate coefficients at 298 K and 
250 K which are within 5% of the IUPAC, 19895 and 
NASA, 19907 evaluations. 

References 

IG. Paraskevopoulos, D. L. Singleton, and R. S. Irwin, J. Phys. Chern. 
85,561 (1981). 

2K.-M. Jeong and F. Kaufman, J. Phys. Chern. 86, 1808 (1982). 
3K.-M. Jeong. K.-J. Hsu. J. B. Jeffries, and F. Kaufman, J. Phys. Chern. 
88, 1222 (1984). 

4CODATA, Supplement I, 1982 (see references in Introduction). 
sIUPAC, Supplement III, 1989 (see references in Introduction). 
1iR. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
7NASA Evaluation No.9, 1990 (see references in Introduction). 
8R. Atkinson, D. A. Hansen, and J. N. Pitts, Jr., J. Chern. Phys. 63,1703 

(1975). 
9c. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 197 (1976). 
lOR. T. Watson, E. Machado, B. C. Conaway, S. Wagner, and D. D. 
Davis, J. Phys. Chern. 81, 256 (1977). 

llJ. S. Chang and F. Kaufman, J. Chern. Phys. 66, 4989 (1977). 
l2V. Handwerk and R. Zellner, Ber. Bunsenges Phys. Chern. 82, 1161 
(1978). 

HO + CHFCI2 (HCFC-21) --'» H20 + CFCI2 

M-r = -85.3 kJ'mol- 1 

Rate coefficient data 

k/cm3 rnolecule- 1 S-1 Ternp./K 

Absolute Rate Coefficients 
(3.39 ± 0.86) x to - 14 297 
1.97 x to- 18 T 194 exp[ - (382 ± 413)/T] 250-483 
(3.37 ± 0.22) x 10- 14 295 

Reviews and Evaluations 
1.1 X to- 12 exp( -1070/T) 240-350 
1.70 x 10- 18 T2 exp( -479fT) 241-483 
1.2 x 10- 12 exp( -llOO/T) 241-400 

Comments 

(a) Flash photolysis system with UV absorption detec
tion of HO. 

(b) Discharge flow system with resonance fluorescence 
detection of HO. 

(c) Derived from the absolute rate coefficients of 
Howard and Evenson,s Perry etai.,9 Watson etai.,lO 
Chang and Kaufman,l1 Paraskevopoulos et al. 1 and 
Jeong and Kaufman,2 using only the rate coefficients 
obtained at temperatures :::;; 350 K. 

(d) Derived from the absolute rate coefficients of 
Howard and Evenson,s Perry et al.,9 Watson et al.,l0 
Chang and Kaufman,l1 Paraskevopoulos et al. 1 and 
Jeong and Kaufman,2 using the three parameter 
equation k = CT2 exp( - D IT). 

(e) Derived from the absolute rate coefficients of 
How:lrci :lnd Evenson,s Perry pi 01.,9 Watson et nl.;o 
Chang and Kaufman, 1 1 Paraskevopoulos et al.1 and 
Jeong and Kaufman,2 using only rate coefficients ob
tained at temperatures < 400 K. 

Reference Comments 

Paraskevopoulos, Singleton, and Irwin, 19811 (a) 
Jeong and Kaufman, 19822,3 (b) 

CODATA, 19824; IUPAC, 19895 (c) 
Atkinson, 19891i (d) 
NASA,19907 (e) 

Preferred Values 

k = 3.0 X 10- 14 cm3 molecule-1 S-l at 298 K. 
k = 8.8 X 10- 13 exp( -1010/T) cm3 molecule- 1 S-1 

over the temperature range 240-300 K. 

Reliability 
Alog k = ± 0.10 at 298 K. 
Il(E/R) = ±200 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments on Pre/erred Values 
The absolute rate coefficients of Howard and Even

son,8 Perry et al.,9 Watson et al., 10 Chang and Kaufman,l1 
Paraskevopoulos et al.1 and Jeong and Kaufman2 have 
been fitted to the three parameter equation k = CT2 

exp( -DIT), resulting in k = 1.70 X 10-18 T2 exp( -479/ 
T) cm3 molecule -1 s -lover the temperature range 241-
483 K. The preferred Arrhenius expression, k = A 
exp( - BIT), is centered at 265 K and is obtained from the 
three parameter equation with A = C e2 T2 and B = D 
+ 2T. The preferred Arrhenius expression yields rate 
coefficients at 298 K and 250 K which are within 5% of 
those calculated from the IUPAC, 19895 and NASA, 
19907 evaluations. 

t:.H0 = -87.4 kJ'rnol- 1 

References 

IG. Paraskevopoulos, D. L. Singleton, and R. S. Irwin, J. Phys. Chern. 
85,561 (1981). 

2K.-M. Jeong and F. Kaufman, J. Phys. Chern. 86, 1808 (1982). 
3K.-M. Jeong, K.-J. Hsu, J. B. Jeffries, and F. Kaufman, J. Phys. Chern. 

88, 1222 (1984). 
4CODATA, Supplement I, 1982 (see references in Introduction). 
5IUPAC, Supplement III, 1989 (see references in Introduction). 
6R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
7NASA Evaluation No.9, 1990 (see references in Introduction). 
IIC. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 197 (1976). 
9R. A. Perry, R. Atkinson, and J. N. Pitts, Jr., J. Chern. Phys. 64, 1618 

(1976). 
lOR. T. Watson, E. Machado, B. C. Conaway, S. Wagner, and D. D. 
Davis, J. Phys. Chern. 81, 256 (1977). 

111. S. Chang and F. Kaufman, J. Chern. Phys. 66, 4989 (1977). 

Rate coefficient data 

klcm3 molecule - 1 S - 1 

Absolute Rate Coefficients 
l.52 x 10- 16 T ISII exp[ -(622 ± 60)/T] 
(l.76 ± 0.20) x 10- 13 

Reviews and Evaluations 
4.4 X 10- 12 exp( -1030/T) 
8.54 x 10 -III T2 exp( - 500/T) 
5.8 x 10- 12 exp( -1100/T) 

Comments 

Ternp./K 

298-775 
298 

240-300 
245-455 
245-400 

(a) Laser photolysis system with LIF detection of HO. 
(b) See Comments on Preferred Values. 
(c) Derived from the absolute rate coefficient data of 

Howard and Evenson,s Perry et al} Davis et af? and 
Jeong and Kaufman,S using the three parameter 
equation k = CT2 exp( - D IT). 

(d) Derived from the absolute rate coefficient data of 
Howard and Evenson,s Perry et al.,6 Davis et al.,' and 
Jeong am.l Kauflllan/l using unly th~ rat~ coefficients 
obtained at temperatures < 400 K. 

Preferred Values 

k = 1.4 X 10- 13 cm3 molecule- 1 S-1 at 298 K. 
k = 4.4 X 10- 12 exp( -1030IT) cm3 molecule- 1 

S-1 

over the temperature range 240-300 K. 

Reliability 
~log k = ±0.10 at 298 K 
~(EIR) = ±250 K. 
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Reference 

Taylor et al., 19891 

IUPAC, 19892 

Atkinson, 19893 

NASA,19904 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 
(d) 

The preferred values are derived from the absolute 
rate coefficients of Howard and Evenson,s Perry et al.,6 
Davis et al.7 and Jeong and Kaufman.s These data have 
been fitted to the three parameter equation k = CT2 
exp( -DIT), resulting in k = 8.54 X 10- 18 T2 exp( -5001 
T) cm3 molecule -1 s -lover the temperature range 245-
455 K. The preferred Arrhenius expression, k = A 
exp( - B IT), is centered at 265 K and is derived from the 
three parameter equation with A = C e2 T2 and B = D 
+ 2T. The absolute rate coefficients of Taylor el at.; es
pecially those obtained at temperatures ~ 350 K, are in 
excellent agreement with the preferred three parameter 
equation. 

References 

IP. H. Taylor, J. A. D'Angelo, M. C. Martin, J. H. Kasner, and B. 
Dellinger, Int. J. Chern. Kinet. 21, 829 (1989). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3R. Atkinson, 1. Phys. Chern. Ref. Data, Monograph 1, 1 (1989) 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
Sc. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 197 (1976). 
6R. A. Perry, R. Atkinson, and J. N. Pitts, Jr., J. Chern. Phys. 64, 1618 

(1976). 
70. D. Davis, G. Machado, B. C. Conaway, Y. Oh, and R. T. Watson, 
J. Chern. Phys. 65, 1268 (1976). 

IIK.-M. Jeong and F. Kaufman, J. Phys. Chern. 86, 1808 (1982). 
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tlHO = -lO6.7 kJ'mol- 1 

Rate coefficient data 

k /cm3 molecule -1 S-1 

Absolute Rate Coefficients 

1.92 X lO-20 T278 exp[ - (95 ± 60)/T] 
1.06 X lO-13 

Reviews and Evaluations 
3.3 x lO-12 exp( -1030/T) 
6.30 X lO-18 T2 exp( -504/T) 
4.3 x lO-12 exp( -llOO/T) 

Comments 

Temp./K 

295-775 
295 

240-300 
245-487 
245-400 

(a) Laser photolysis system with LIF detection of HO. 
(b) See Comments on Preferred Values. 
( c) Derived using the absolute rate coefficient data of 

Howard and Evenson,s Davis et al.6 and Jeong and 
Kaufman,7 using the three parameter equation k = 
CT2 exp( - D IT). 

(d) Derived from the absolute rate coefficients of 
Howard and Evenson,s Davis et al.6 and Jeong and 
Kaufman.7 using only rate coefficients obtained at 
temperatures < 400 K. 

Preferred Values 

k = 1.0 X 10- 13 cm3 molecule- 1 S-1 at 298 K. 
k = 3.3 X 10- 12 exp( -1030IT) cm3 molecule- 1 S-1 

over the temperature range 240-300 K. 

Reliability 
dlog k = ±0.10 at 298 K. 
d(EIR) = ± 100 K. 

Reference 

Taylor et al., 19891 

IUP AC, 19892 

Atkinson, 19893 

NASA,19904 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 
(d) 

The absolute rate coefficients of Howard and Even
son,s Davis et al.6 and Jeong and Kaufman,7 which are in 
excellent agreement, have been fitted to the three 

I parameter equation k = CT2 exp( - D IT), resulting in k 
= 6.30 X 10- 18 T2 exp( -504IT) cm3 molecule- 1 S-1 over 
the temperature range 245-487 K. The rate coefficients 
of Taylor et al. 1 are in excellent agreement with this three 
parameter expression. The preferred Arrhenius expres
sion, k = A exp( - BIT), is centered at 265 K, and is 
derived from the three parameter equation with A = C 
e2 T2 and B = D + 2T. 

References 

IP. H. Taylor, J. A. D'Angelo, M. C. Martin, J. H. Kasner, and B. 
Dellinger, Jnt. J. Chem. Kinet. 21, 829 (1989). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3R. Atkinson. J. Phys. Chem. Ref. Data, Monograph 1, 1 (1989). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5c. 1. Howard and K. M. Evenson, J. Chem. Phys. 64, 197 (1976). 
6D. D. Davis, G. Machado, B. C. Conaway, Y. Oh, and R. T. Watson, 
J. Chem. Phys. 65, 1268 (1976). 

7K.-M. Jeong and F. Kaufman, J. Phys. Chem. 86, 1808 (1982). 
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HO + CFCIa (CFC-11) ~ HOCI + CFCI2 

aIr = 78.5 kJ'mol- 1 

Rate coefficient data 

k/cm3 molecule-I S-1 

Absolute Rate Coefficients 
< 1 x 10- 15 

<5 X 10- 16 

<5 X 10- 16 

<1 X 10- 15 

Relative Rate Coefficients 
<4 x 10- 17 

Rpvipw.1i: anA F.valllntinrtli: 

< 1.0 X 10- 12 exp( - 3650/T) 
<5.0 x to-II! 

< 1 X to- 17 

< 1.0 X to- 12 exp( - 3700IT) 
<5.0 x to-II! 

Comments 

Temp./K 

297-424 
296 ± 2 
480 
293 

298 

250-480 
298 
298 

<480 
298 

(a) Flash photolysis system with resonance fluorescence 
detection of HO. 

(b) Discharge flow system with LMR detection of HO. 
( c) Discharge flow system with resonance fluorescence 

detection of HO. The upper limit rate coefficient ob
tained at 480 K was combined with an estimated 
Arrhenius preexponential factor of 10- 12 cm3 

molecule- 1 8- 1 to derive an estimated Arrhenius acti
vation energy of ~29 kJ·mol- l. 

(d) Discharge flow system with resonance fluorescence 
detection of HO. 

(e) Relative rate study. HO radicals generated by photol
ysis of HONO-air mixtures at one atmosphere total 
pressure. Relative rate coefficients were obtained 
from measurements of the rates of NO formation as 
a function of the HONO and organic concentrations. 
Based upon the lack of NO formation as a function of 
added CFCh and k(HO + CH4) = 7.0 x 10- 15 cm3 

mult;l:uk- 1 
S-l (this evaluatiun), the upper limit given 

in the table is obtained. 
(f) See Comments on Preferred Values. 
(g) Derived by assuming an Arrhenius preexponential 

factor of 1 x 10- 12 cm3 molecule- I S-I and using the 
upper limit to the rate coefficient measured by Chang 
and Kaufman at 480 K.3 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Atkinson, Hansen and Pitts, 19751 

Howard and Evenson, 19762 

Chang and Kaufman, 19773 

Clyne and Holt, 19794 

Cox et al., 19765 

IUPAC, 19896 

Atkinson, 19897 

NASA. i990" 

Preferred Values 

Comments 

(a) 
(b) 
(c) 
(d) 

(e) 

(f) 

(g) 
(g) 

k < 5 X 10- 18 cm3 molecule- 1 S-1 at 298 K. 
k < 1 x 10- 12 exp( - 3650/T) cm3 molecule -1 s -lover 

the temperature range 250-480 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.6 The preferred values are based 
upon an estimated Arrhenius preexponential factor of 1 
x 10- 12 cm3 molecule- I S-1 and the upper limit to the 
rate coefficient determined at 480 K in the absolute rate 
study of Chang and Kaufman.3 This yields k < 1 X 10- 12 

exp( - 3650/T) cm3 molecule -I s -1, and is consistent with 
the lack of reaction observed by Cox et al.5 in their rela
tive rate study. 

References 

lR. Atkinson, D. A. Hansen, and J. N. Pitts, Jr., J. Chern. Phys. 63,1703 
(1975). 

2c. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 197 (1976). 
3J. S. Chang and F. Kaufman, Geophys. Res. Lett. 4, 192 (1977). 
4M. A. A. Clyne and P. M. Holt, J. Chern. Soc. Faraday Trans. 2, 75,569 

(1979). 
sR. A. Cox, R. G. DeIWent, A. E. J. Eggleton, and J. E. Lovelock, At-

mos. Environ. 10, 305 (1976). 
tiIUPAC, Supplement III, 1989 (see references in Introduction). 
7R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
KNASA Evaluation No.9, 1990 (see references in Introduction). 
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Rate coefficient data 

Ahmlute Rate Coefficients 
<1 X lO-15 

<4 X lO-16 

<6 X lO-16 

< 1 X lO-15 

Relative Rate Coefficients 
< 1.0 X 10- 16 

Reviews and Evaluations 
< 1 X lO - 12 exp( - 35401T) 
<7 X lO-18 

<1 X lO-17 

< 1 x lO -12 exp( - 3600)/T) 
<6.0 X lO-18 

Comments 

Temp./K 

297-424 
296 ± 2 
478 
293 

298 

250-478 
298 
298 

<478 
298 

(a) Flash photolysis system with resonance fluorescence 
detection of HO. 

(b) Discharge flow system with LMR detection of HO. 
(c) Discharge flow system with resonance fluorescence 

detection of HO. The upper limit rate coefficient ob
tained at 478 K was combined with an estimated 
Arrhenius preexponential factor of 10- 12 cm3 

molecule- 1 S-1 to derive an estimated Arrhenius acti
vation energy of ~29 kJ·mol- l

. 

(d) Discharge flow system with resonance fluorescence 
detection of HO. 

(e) Relative rate study. HO radicals generated by photol
ysis of HONO-air mixtures at one atmosphere total 
pressure. Relative rate coefficients were obtained 
from measurements of the rates of NO formation as 
a function of the HONO and organic concentrations. 
Based upon the lack of NO formation as a function of 
added CF2Ch and a rate coefficient of k (HO + CH4) 

= 7.0 x 10- 15 cm3 molecule-I S-I (this evaluation), 
the upper limit given in the table is obtained. 

(f) See Comments on Preferred Values. 
(g) Derived by assuming an Arrhenius preexponential 

factor of 1 x 10- 12 cm3 molecule-1 S-1 and using the 
upper limit to the rate coefficient measured by Chang 
and Kaufman at 478 K.3 

Reference 

Atkinson, Hansen and Pitts, 19751 

Howard and Evenson, 19762 

Chang and Kaufman, 19773 

Clyne and Holt, 19794 

Cox et al., 19765 

IUPAC, 19896 

Atkinson, 19897 

NASA, 1990H 

Preferred Values 

Comments 

(a) 
(b) 
(c) 
(d) 

(e) 

(f) 

(g) 
(g) 

k < 7 X 10- 18 cm3 molecule- I 
S-I at 298 K. 

k < 1 X 10- /2 exp( -3540/T) cm3 molecule- l 
S-l over 

the temperature range 250-478 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.6 The preferred values are based 
upon an estimated Arrhenius preexponential factor of 1 
x 10- 12 cm3 molecule- l 

S-l and the upper limit to the 
rate coefficient determined at 478 K in the absolute rate 
study of Chang and Kaufman.3 This yields k < 1 X 10- 12 

exp( - 35401T) cm3 molecule -1 s -I. and is consistent with 
the lack of reaction observed by Cox et al.s in their rela
tive rate study. 

References 

IR. Atkinson, D. A. Hansen, and J. N. Pitts, Jr., J. Chern. Phys. 63,1703 
(1975). 

2c., J. Howard and K. M. Evenson, J. Chern. Phys. 64, 197 (1976). 
3J. S. Chang and F. Kaufman, Geophys. Res. Lett. 4, 192 (1977). 
4M. A. A. Clyne and P. M. Holt, J. Chern. Soc. Faraday Trans. 2, 75, 569 
(1979). 

SR. A. Cox, R. G. Dcrwem, A. E. J. EggleIOn, and J. E. Lovelock, AI-

mos. Environ. 10, 305 (1976). 
6IUPAC, Supplement III, 1989 (see references in Introduction). 
7R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
HNASA Evaluation No.9, 1990 (see references in Introduction). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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HO + CCI4 ~ HOCI + CCI3 

Mr = 49.6 kJ·mol- 1 

Rate coefficient data 

k/cm3 molecule- 1 S-1 

Absolute' Rate Coefficients 
<4 X 10- 15 

<1 X 10- 15 

Relative Rate Coefficients 
<1.0 x 10- 16 

Reviews and Evaluations 
< 1 x 10 -12 exp( - 2320/T) 
<4 x 10- 16 

<5 X 10- 16 

< 1 X 10- 12 exp( - 2300/T) 
<5.0 x 10- 16 

Comments 

Temp./K 

296 ± 2 
293 

298 

-250-300 
298 
298 

-250-300 
298 

(a) Discharge flow system with LMR detection of HO. 
(b) Discharge flow system with resonance fluorescence 

detection of HO. 
(c) Relative rate study. HO radicals generated by photol

ysis of HOND-air mixtures at one atmosphere total 
pressure. Relative rate coefficients were obtained 
from measurement of the rates of NO formation as a 
function of the HONO and organic concentrations. 
Based upon the lack of NO formation as a function of 
added CCl4 and a rate coefficient of k (HO + CH4) = 
7.0 x 10- 15 cm3 molecule- I S-1 (this study), the upper 
limit given in the table is obtained. 

(d) Based upon the rate coefficient data of Howard and 
Evensonl (due to a typographical error, this was in~ 
correctly cited), Clyne and Hole and Cox et al.3 An 
Arrhenius preexponential factor of 1 x 10- 12 cm3 

molecule- I S-1 was assumed to derive the tempera
ture dependent expression. 

(e) Based on the relative rate study of Cox et al.3 

(f) Based on the relative rate study of Cox er al./ with an 
assumed Arrhenius preexponential factor of 1 x 
10-12 cm3 molecule-1 S-I. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Howard and Evenson, 19761 

Clyne and Holt, 19792 

Cox et aI., 19763 

IUPAC, 19894 

Atkinson, 19895 

NASA,19906 

Preferred Values 

Comments 

(a) 
(b) 

(c) 

(d) 

(e) 
(f) 

k < 5 X 10- 16 cm3 molecule'-l s-I at 298 K. 
k < 1 X 10- 12 exp( -2260/T) cm3 molecule- 1 S-I over 

the temperature range - 250-300 K. 

Comments on Pre/erred Values 
The preferred upper limit to the 298 K rate coefficient 

is based on the relative rate study of Cox et al.,s with their 
upper limit to the rate coefficient being increased by a 
factor of 5. Assuming an Arrhenius preexponential factor 
of 1 x 10- 12 cm3 molecule- 1 S-I, this leads to the upper 
limit to the Arrhenius expression given. 

References 

Ie. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 197 (1976). 
2M. A. A. Clyne and P. M. Holt, J. Chern. Soc. Faraday Trans. 2, 75, 569 
(1979). 

3R. A. Cox, R. G. Derwent, A. E. J. Eggleton, and 1. E. Lovelock, At-
mos. Environ. 10, 305 (1976). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
sR. Atkinson. J. Phys. Chern. Ref. Data. Monograph 1. 1 (1989). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
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Rate coefficient data 

k/cm3 molecule- I S-I Temp./K 

Absolute Rate Coefficients 
7.80 x lO-13 exp[(241 :t 61)/TJ 300-459 
(L76 ± 0_17) )( 10- 12 100 

Reviews and Evaluations 
5.0 x lO-13 exp(445/T) 230-420 
5.63 x lO-13 exp(427/T) 23~20 

4.9 X lO-13 exp(4S0/T) 23~20 

Comments 

(a) Discharge flow system with MS detection of HO. 
(b) See Comments on Preferred Values. 
(c) Derived from the rate coefficient data of Howard6 and 

Chang and Kaufman' and unpublished data of Davis 
et al. (cited in references 6 and 7). 

(d) The 298 K value was derived from the mean of the 
values reported by Howard6 and Chang and Kauf
man.7 The Arrhenius parameters are those of Chang 
and Kaufman7 with the A -factor being reduced to 
yield the preferred value at 298 K. 

Preferred Values 

k = 2.2 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 
k = 5.0 X 10- 13 exp(445/T) cm3 molecule- 1 S-1 over 

the temperature range 230-420 K. 

Reliability 
~log k = ±0.10 at 298 K. 
~(E/R) = :t200 K. 

Reference Comments 

Kirchner et al., 19901 (a) 

CODATA, 19822
; IUPAC, 19893 (b) 

Atkinson, 19894 (c) 
NASA,19905 (d) 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.3 The preferred 298 K rate coeffi
cient is derived from the mean of the values of Howard6 

and Chang and Kaufman.7 The Arrhenius parameters are 
those of Chang and Kaufman/ with theA -factor reduced 
to yield the preferred value at 298 K. The room temper
ature rate coefficients reported by Kirchner,S Edney 
et al.,9 Klopffer et al. 10 and Kirchner et al., 1 which are not 
used in the derivation of the preferred values, are in gen
eral agreement with the preferred values. 

References 

IK. Kirchner, D. Helf, P. Oh, and S. Vogt, Ber. Bunsenges Phys. Chern. 
94,77(1990). 

2CODATA, Supplement I, 1982 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
fie. J. Howard, J. Chern. Phys. 65, 4771 (1976). 
7J. S. Chang and F. Kaufman, 1. Chern. Phys. 66, 4989 (1977). 
sK. Kirchner, Chimia 37, 1 (1983). 
9E. O. Edney, T. E. Klcindienst, and E. W. Corse, Int. 1. Chern. Kinet. 

18, 1355 (1986). 
IIJW. K1opffcr, R. Frank, E.-G. Kohl, and F. Haag, Cherniker-Zeitung 
110, 57 (1986). 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Rate coefficient data 

k/cm3 molecule-1 S-1 Temp./K 

Absolute Rate Coefficients 
5.53 x 10- 12 exp[ - (1034 ± 13)/T] 301-433 
1.73 x 10- 13 301 

Reviews and Evaluations 
9.4 x 10-12 exp( -1200/T) 300-420 
9.64 x 10- 12 exp( -1209/T) 297-420 
9.4 x 10- 12 exp( -1200/T) 297-420 

Comments 

(a) Discharge flow system with MS detection of HO. 
(b) See Comments on Preferred Values. 
( c) Derived from the data of Howard6 and Chang and 

Kaufman 7 and the unpublished 298 K rate coefficient 
of Davis et al. (cited in references 6 and 7). 

(d) The 298 K value was derived from the mean of the 
values reported by Howard6 and Chang and Kauf
man.7 The Arrhenius parameters are those of Chang 
and Kaufman.7 

Preferred Values 

k = 1.7 X 10-13 cm3 molecule- 1 
S-1 at 298 K. 

k = 9.4 X 10-12 exp( -1200/T) cm3 molecule- 1 S-1 

over the temperature range 300-420 K. 

Reliability 
Alog k = ±0.10 at 298 K. 
A(E/R) = ±200 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Kirchner et al., 19901 (a) 

CODATA, 19822; IUPAC, 19893 (b) 
Atkinson, 1989"' (c) 
NASA,I99OS (d) 

Cummenl:,' un Preferred Vulues 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.3 The preferred 298 K value i!\ 
derived from the mean of the values of Howard6 and 
Chang and Kaufman.7 The Arrhenius parameters arc 
those of Chang and Kaufman.7 The Arrhenius expression 
and 305 K rate coefficient reported by KirchnerB and 
Kirchner et al., 1 which are not used in the derivation 01 

the preferred values, are in reasonable agreement with 
the preferred values. 

References 

lK. Kirchner, D. Helf, P. Ott, and S. Vogt, Ber. Bunsenges Phys. Chern. 
94, 77 (1990). 

2CODATA, Supplement I, 1982 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
5NASA Evaluation No.9, 1990 (see References in Introduction). 
6C. J. Howard, J. Chern. Phys. 65, 4771 (1976). 
7J. S. Chang and F. Kaufman, J. Chern. Phys. 66,4989 (1977). 
KK. Kirchner, Chimia 37, 1 (1983). 
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Rate coefficient data 

~ fem3 molecule -1 S-1 

·fbsolute Rate Coefficients 
9.8 x to- 13 exp[ - (1660 ± 200)/T] 
(4.02 ± 1.0) x to- 15 

2.6 X 10- 13 exp[ - (1230 ± 250)/T] 
(3.7 ± 1.4) x to- 15 

1.14 x to- 12 exp[-(1750 ± 75)/T] 
(2.95 ± 0.25) x to- 15 

Ueviews and Evaluations 
1.6 x 10- 12 exp( -1820/T) 
2.05 x to- 18 T2 exp( -l171/T) 
9.6 x to- 13 exp( -1650/T) 

Comments 

Ternp./K 

270-400 
298 
231-423 
303 
223-374 
298 

270-380 
273-375 
223-400 

(a) Flash photolysis system with resonance fluorescence 
detection of HO. 

(b) Discharge flow system with resonance fluorescence 
detection of HO. 

(c) Laser photolysis system with LIF detection of HO 
and discharge flow system with LMR detection of 
HO used. GC analysis showed that the CH3CFzCl 
sample used contained < 0.0005% of reactive 
CH2 = CCb impurity. 

(d) Derived from a least-squares analysis of the rate co~ 
efficient data of Howard and Evenson/ Watson 
et al., 8 Handwerk and Zellner9 and Paraskevopoulos 
et al.1O The data of Clyne and HoltH were not used in 
the evaluation. 

(e) Deriveli from the ahsolnte rate coefficient data of 
Howard and Evenson/ Watson et al.,8 Handwerk and 
Zellner9 and Paraskevouplous et al., 10 using the three 
parameter equation k = CTz exp( - D IT). 

(t) Derived from the absolute rate coefficients of 
Howard and Evenson,? Watson et al.,8 Handwerk and 
Zellner,9 Paraskevopoulos et al., 10 Liu et al. 1 and the 
as then unpublished data of Gierczak et al.3 

Preferred Values 

k :;;:; 3.0 X 10- 15 cm3 molecule- t S-I. 

k = 9.2 X 10- 13 exp( -1705IT) cm3 molecule- 1 S-1 

over the temperature range 240-300 K. 

Reliability 
Alog k = ±0.10 at 298 K. 
A(EIR) = :!:200 K. 

Reference 

Liu, Huie and Kurylo, 19901 

Brown etal., 19902 

Gierczak et al., 19913 

IUPAC, 19894 

Atkinson, 19895 

NASA,19906 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 

(d) 
(e) 
(f) 

The rate coefficient data obtained l
- 3•

7-11 exhibit a large 
degree of scatter, especially at temperatures ::;300 K. In 
particular, the rate coefficients measured by Clyne and 
Holt,l1 Brown et al. 2 and, to a lesser extent, Handwerk 
and Zellner,9 Paraskevopoulos et al. to and Liu et al.,2 are 
higher than those of Howard and Evenson/ Watson 
et al.8 and Gierczak et al.3 Accordingly, the rate coeffi
cient data of Howard and Evenson,7 Watson eta/.s and 
Gierczak et al.3 have been fitted to the three parameter 
equation k :;;:; CT2 exp( - D IT), resulting in k = 1.77 X 

10- 18 T2 exp( -1174/T) cm3 molecule- 1 8- 1 over the tem
perature range 223-427 K. The preferred Arrhenius ex
pression, k :;;:; A exp( - BIT), is centered at 265 K and is 
obtained from the three parameter equation with A = C 
e2 T2 and B = D + 2T. 

References 

JR. Liu, R. E. Huie, and M. J. Kurylo, J. Phys. Chern. 94, 3247 (1990). 
2A. C. Brown, C. E. Canosa-Mas, A. D. Parr, and R. P. Wayne; Atmos. 

Environ. 24A, 2499 (1990). 
3T. Gierczak, R. Talukdar, G. L. Vaghjiani, E. R. Lovejoy, and A. R. 

Ravishanakara, J. Geophys. Res. 96,5001 (1991). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
7C. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 4303 (1976). 
1lR. T. Watson. G. Machado, B. ("nnaway, S W::Igner, and D. D. Davis, 
J. Phys. Chern. 81, 256 (1977). 

"Y. Handwerk and R. Zellner, Ber. Bunsenges. Phys. Chern. 82, 1161 
(1978). 

JOG. Paraskevopoulos. D. L. Singleton and R. S. Irwin, J. Phy~. Chp.m. 
85,561 (1981). 

JJM. A. A. Clyne and P. M. Holt, J. Chern. Soc., Faraday Trans. 2, 75, 
582 (1979). 
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Rate coefficient data 

Absolute Rate Coefficients 
3.6 x 10- 13 exp[ - (1140 ± 210)/T] 
(7.01 ± 1.2) x 10- 15 

5.8 X 10- 13 exp[ - (1100 ± 250)/T] 
(1.61 ± 0.55) x 10-14 

1.47 X 10- 12 exp[ -(1640 ± l(0)/T] 
(5.92 ± 0.54) x lQ-15 

Reviews and Evaluations 
4.2 x lQ-13 exp( -1200/T) 

Comments 

Ternp./K 

243-400 
298 
238-426 
297 
253-393 
298 

273-400 

(a) Flash photolysis system with resonance fluorescence 
detection of HO. Analysis of the CH3CFCh samples 
used showed the presence of 2.4 x 10-3% and 3 x 
10-4% of reactive Cz haloalkene impurities. How
ever, Talukdar et al.3 suggest that the CH2 = CCb im
purity levels may have been -1 x 10-2% and have 
contributed significantly to the measured OH radical 
decay rates. 

(b) Discharge flow system with resonance fluorescence 
detection of HO. 

(c) Laser photolysis system with LIF detection of HO 
and discharge flow system with LMR detection of 
HO used. Two samples of CH3CFCh were used, ana
lyzed to contain < 7 x 10-4% and < 1 x 10-4% of 
CH2 = CCh impurity. The rate coefficients measured 
using these two samples were indistinguishable 
within the experimental errors. These observations 
are consistent with calculations in that the contribu
tions of OH radical reactions with impurities were of 
negligible importance. 

(d) Derived from the rate coefficient data of Liu et a/.1 

and preliminary unpublished data of Gierczak et al. 

Preferred Values 

k = 5.9 X 10- 15 cm3 molecule- 1 S-1 at 298 K. 
k = 7.0 X 10- l3 exp( -1425/T) cm3 molecule- 1 S-1 

over the temperature range 240-300 K. 

Reliability 
~log k = ± 0.2 at 298 K. 
~(E/R) = ±300 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Liu, Huie and Kurylo, 19901 

Brown et ai., 19902 

Talukdar et aI., 19913 

NASA,19904 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 

(d) 

The measured rate coefficients of Liu et al., 1 Brown 
et a/.2 and Talukdar et a/.3 are not in good agreement. In 
particular, the rate coefficients of Brown et al.2 are higher 
than those of Liu et al.1 and Talukdar et al.3 over the en
tire temperature range studied, by a factor of 1.5-3.5, 
with the disagreement being more pronounced at lower 
temperatures. While the data of Liu et al.1 and Talukdar 
et al.3 are in good, or reasonably good, agreement over 
the temperature range 295-400 K, the rate coefficients of 
Liu et al. 1 at 243 K and 270 K are significantly higher than 
those of Talukdar et al.2 These observations, together 
with the impurity analyses of the CH3CFCh samples used 
by Liu et al. 1 and Talukdar et al.,3 suggest that the higher 
measured rate coefficients of Liu et al.1 and Brown et al.2 

are due to the presence of reactive impurities in the 
CH3CFCh samples used. 

Accordingly, the rate coefficients of Talukdar et al.2 

have been fitted to the three parameter equation k = 
CT2 exp( - D IT), resulting in k = 1.35 X 10- 18 T2 
exp( - 893/T) cm3 molecule - 1 S -lover the temperature 
range 233-393 K. The preferred Arrhenius expression, k 
= A exp(- B IT), is centered at 265 K and is obtained 
from the three parameter equation with A = C e2 T2 and 
B = D + 2T. 

References 

IR. Liu, R. E. Huie, and M. J. Kurylo, J. Phys. Chern. 94, 3247 (1990). 
2A. C. Brown, C. E. Canosa-Mas, A. D. Parr, and R. P. Wayne, Atmos. 
Environ. 24A, 2499 (1990). 

3R. Talukdar, A. Mcllouki, T. Gierczak, J. B. Burkholder, S. A. McK
een, and A. R. Ravishankara, J. Phys. Chern. 95, 5815 (1991). 

4NASA Evaluation No.9, 1990 (see references in Introduction). 
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Rate coefficient data 

Absolute Rate Coefficients 
5.4 x 10- 12 exp[ - (1801 ± 448)/T] 
1.28 x 10- 14 

9.1 x 1O- 13exp[ - (1337 ± 150)/T] 
(1.0 ± 0.1) x 10- 14 

1.75 x 1O- 12exp[ - (1550 ± 6O)/T] 
(9.5 ± 0.8) x 10- 15 

Relative Rate Coefficients 
(1.08 ± 0.35) x 10- 14 

2.0 x 10-12exp[ - (1531 ± 75)/T] 
1.16 x 10- 14 

Reviews and Evaluations 
5.1 x 1/1-12 p.xp( -lROO/T) 
5.92 x 10- 111 T2 exp( -1129/T) 
5.0 x 10- 12 exp( -1800/T) 

Comments 

Tcmp.IK 

359-402 
298* 
278-378 
298 
243-379 
298 

298 ± 3 
277-356 
298 

25().....4110 

253-457 
253-457 

(a) Pulsed radiolysis system with UV absorption detec
tion of HO. 

(b) Discharge flow system with resonance fluorescence 
detection of HO. Rate coefficients also measured for 
the HO radical reaction with CH4, and results are in 
good agreement with the present evaluation for that 
reaction. 

(c) Laser photolysis system with LIF detection of HO. 
(d) Relative rate study. HO radicals generated by the 

photolysis of CH30NO in CH30NO-NO-CH3CCb
CH3CI-air mixtures at atmospheric pressure. 
CII3CCh and CII3CI concentrations were monitored 
by GC, and the rate coefficient ratio k (HO + 
CH3CCb)/k(HO + CH3Cl) placed on an absolute 
basis by use of k(HO + CH1Cl) = 4.3 x 10- 14 cm3 

molecule- 1 S-1 (this evaluation). 
(e) Relative rate method. HO radicals generated by 

photolysis of OJiH20 mixtures in a slow-flow reactor. 
CI-L and CH3CCh concentrations were measured by 
IR absorption spectroscopy. Rate coefficient ratio 
k(HO + CH3CCh)/k(HO + CH4) = 0.51 exp(354/ 
T) placed on an absolute basis by use of k (HO + 
CI-L) 3.9 X 10- 12 exp( 1885/T) cm3 

molecule- 1 S-1 (this evaluation). 
(f) Derived from the absolute rate coefficients of Jeong 

and Kaufman9 and Kurylo et al.1O 
(g) Derived from the absolute rate coefficients of Jeong 

and Kaufman9
,1l and Kurylo et al.,l0 using the three 

parameter equation k = CT2 exp( - D IT). 

Preferred Values 

k = 9.5 X 10- 15 cm3 molecule- 1 S-1 at 298 K. 
k = 1.2 X 10- 12 exp( -1440/T) cm3 molecule- I S-1 

over the temperature range 240-300 K. 

Rcference 

Nelson et ai., 19901 

Finlayson-Pitts el al., 19922 

Talukdar et al., 19923 

Nelson et al.. 19901 

DeMore, 19924 

CODATA, 198£P; IUP AC, 19896 

Atkinson, 19897 

NASA, 199011 

Reliability 
Alog k = 0.10 at 298 K. 
A(E/R) = ±200 K. 

Comments on PrefelTed Values 

Cullum.uls 

(a) 

(b) 

(c) 

(d) 
(e) 

(f) 
(g) 
(f) 

The absolute rate coefficients of Finlayson-Pitts at 01.2 

and Talukdar et al.3 are significantly lower than those of 
Jeong and Kaufman9

,ll, Kurylo et aZ. 10 and Nelson et al. l
• 

It appears that the higher measured absolute rate coeffi
cients of Jeong and Kaufman9

,1l, Kurylo et al. to and Nel
son et al. 1 at the higher temperatures were due to thermal 
decomposition of CH3CCb to reactive CH2 = CCh on 
::>urfac~:s.?·l A unil-wdghted least-squares analysis of the 
absolute rate coefficients of Finlayson-Pitts et al.2 and 
Talukdar et al.3

, using the expression k = CT2 exp( - D/ 
T). leads to k = 2.2.'; X 10- 18T2 exp( -910fT) em3 

molecule- 1 
S-1 over the temperature range 243-379 K. 

The preferred Arrhenius expression, k = A exp( - B /T), 
is centered at 265 K and is obtained from the three 
parameter equation with A = C e2 T2 and B = D + 2T. 

References 

lL. Nelson, Y. Shanahan, H. W. Sidebottom, 1. Treacy, and O. J. 
Nielsen, Int. J. Chern. Kinet. 22, 577 (1990). 

2B. J. Finlayson-Pitts, M. J Ezell, T. M. Jayaweera, H. N. Berko and C. 
C. Lai. Geophys. Res. Lett. 19. 1371 (1992). 

3R. K. Talukdar, A Mellouki, A-M. Schmoltner, T. Watson, S. 
Montzka and A R. Ravishankara, Science, 257, 227 (1992). 

4W. B. DeMore, Geophys. Res. Lett. 19, 1367 (1992). 
sCODATA, 1980 (see references in Introduction). 
6IUPAC, Supplement III, 1989 (see references in Introduction). 
7R. Atkinson, 1. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
i!NASA Evaluation No.9, 1990 (see references in Introduction). 
9K.-M. Jeong and F. Kaufman, Geophys. Res. Lett. 6, 757 (1979). 
HM. J. Kurylo, P. C. Anderson, and O. KJais, Geophys. Res. Lett. 6, 760 

(1979). 
llK.-M. Jeong, K.-J. Hsu, J. B. Jeffries, and F. Kaufman, J. Phys. Chern. 
88, 1222 (1984). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Rate coefficient data 

k/cm3 molecule-1 S-1 Temp./K 

Absolute Rate Coefficients 
(1.05 ± 0.23) x 10- 14 296 
1.1 X 10- 12 exp[ - (1260 ± 60)/T] 263-373 
(1.5 ± 0.3) x 10- 14 293 
3.9 x 10- 11 exp[ - (2300 ± 300)/T] 294-427 
(1.03 ± 0.30) x 10- 14 294 

Reviews and Evaluations 
8.50 x 10- 19 T2 exp( -458/T) 263-373 
5.2 x 10- 13 exp( -llOO/T) 263-373 

Comments 

(a) Discharge flow system with LMR detection of HO. 
(b) Flash photolysis system with UV absorption detec

tion of HO. 
(c) Dischargt: fluw systt:m with resonance fluorescence 

detection of HO. 
(d) Derived from the absolute rate coefficients of 

Howard and Evenson1 and Handwerk and Zellner,2 
using the three parameter equation k = CT2 

exp( -D/T). 
(e) The 298 K rate coefficient was the average of those 

of Howard and Evenson 1 and Handwerk and Zell
ner.2 The temperature dependence was that deter
mined by Handwerk and Zellner.2 

Preferred Values 

k = 1.3 X 10-14 cm3 molecule- 1 S-1 at 298 K. 
k = 5.2 X 10-13 exp( -1100/T) cm3 molecule- 1 S-1 

over the temperature range 260-380 K. 

Reliability 
~log k = ± 0.2 at 298 K. 
~(E/R) = ±2S0 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Howard and Evenson, 19761 (a) 
Handwerk and Zellner, 19782 (b) 

Clyne and Holt, 19793 (c) 

Atkinson, 19894 (d) 
NASA,19905 (e) 

Comments on Pre/erred Values 
The preferred 298 K rate coefficient is the average of 

those of Howard and Evenson1 and Handwerk and Zell
ner2 (corrected to 298 K), and the temperature depen
dence is that obtained from a unit-weighted least squares 
analysis of the data of Handwerk and Zellner.2 The rate 
coefficients of Clyne and Hole are in serious disagree
ment with those of Handwerk and Zellner,2 and are not 
used in the evaluation. 

References 

Ie. J. Howard and K. M. Evenson, J. Chem. Phys. 64, 197 (1976). 
2V. Handwerk and R. Zellner, Ber. Bunsenges Phys. Chem. 82, 1161 
(1978). 

3M. A. A. Clyne and P. M. Holt, J. Chem. Soc. Faraday Trans. 2, 75, 582 
(1979). 

4R. Atkinson, J. Phys. Chem. Ref. Data, Monograph 1, 1 (1989). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
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Rate coefficient data 

k /em3 molecule -1 S-1 

Absolute Rate Coefficients 
3 x 10- 12 exp[ -(1578:~~ )/T] 
(1.6 ± 0.3) x 10- 14 

2.97 X 10- 13 T458 exp[(252 :!: 377)/T] 
(2.42 ± 0.16) x 10- 14 

Reviews and Evaluations 
3.0 X 10- 12 exp( -1580/T) 
2.80 x 10- 18 T2 exp( -672/T) 
3.6 x 10- 12 exp( -1600/T) 

Comments 

Temp./K 

250-350 
298 
249-473 
297 

250-350 
249-473 
250-350 

(a) Flash photolysis system with resonance fluorescence 
detection of HO. Measured rate constants yielded 
the Arrhenius expression k = 1.87 X 10- 12 

exp( 1351/T) cm3 molecule- l 
S-I, with k = (1.9 ± 

0.2) x 10- 14 cm3 molecule- 1 S-1 at 298 K. However, 
chemical analysis showed the presence of reactive 
impurities, and the Arrhenius expression corrected 
to take into account the contrihlltion~ of the~e impn
rities on the HO radical decay rates is given in the 
table. 

(b) Discharge flow system with resonance fluorescence 
detection of HO. 

(c) Derived from the corrected data of Watson et al.1 

(d) Derived from the measured rate coefficients of Wat
son et al. l and Jeong et al.2 

Preferred Values 

k = 1.6 X 10- 14 cm3 molecule- 1 S-1 at 298 K. 
k = 3.2 X 10- 12 exp( -1580/T) em3 molecu]e- 1 S-1 

over the temperature range 250-350 K. 

Reliability 
Alog k = ± 0.3 at 298 K. 
A(E/R) = ±500 K. 

Reference 

Watson et aJ., 19791 

Jeong et al., 19842 

IUPAC, 19893 

Atkinson, 19894 

NASA,19905 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 
(d) 
(c) 

The corrected data of Watson et al.2 are accepted, as
suming that the obselVed Cz haloalkene impurities 
present in the CH2CICFzCl sample react with the OH 
radical with a rate coefficient of 5 x 10-12 cm3 

molecule -1 s -1 independent of temperature. The rate co
efficients of Jeong et al.2 are higher, especially at 
< 300 K, suggesting the presence of reactive impurities 
in the CH2CICF2Cl sample used. 

References 

IR. T. Watson, A. R. Ravishankara, O. Machado, S. Wagner, and D. D. 
Davis. Int. 1. Chern. Kinet_ 11, lR7 (lQ7Q) 

2K.·M. Jeong, K..J. Hsu, J. B. Jeffries, and F. Kaufman, J. Phys. Chern. 
88, 1222 (1984). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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HO + CHFCICF3 (HCFC-124) ~ H20 + CFCICF3 

Rate coefficient data 

4.45 X 10- 13 exp[ - (1150 ± 60)/T] 
(9.44 ± 0.75) x 10- 15 

Reviews and Evaluations 

6.4 X 10- 13 exp( -1240/T) 
6.38 x 10- 13 exp( -1233/T) 
6.6 x 10-13 exp( -1250/T) 

Comments 

Temp./K 

210-349 
298 

250-380 
250-375 
250-375 

(a) Laser photolysis system with LIF detection ofHO and 
discharge flow system with LMR detection of HO 
used. 

(b) Derived from the rate coefficients of Howard and 
Evensons and Watson et al.6 

Preferred Values 

k = 9.5 X 10- 15 cm3 molecule-I S-1 at 298 K. 
k = 5.4 X 10- 13 exp( -1205/T) cm3 molecule- l S-l 

over the temperature range 240-300 K. 

Relability 
Alog k = ±0.10 at 298 K. 
A(E/R) = ±200 K. 

Comments on Pre/erred Values 
The absolute rate coefficients of Watson et al.6 and 

Gierczak et al. l are in excellent agreement over the com
mon temperature range studied (250-375 K), but are 
- 30% lower at room temperature than the rate coeffi
cient of Howard and Evenson.s The rate coefficients of 
Watson et al.6 and Gierczak et al. 1 have been fitted to the 
three parameter equation k = CT2 exp( - D IT), resulting 
in k = 1.03 X 10- 18 T2 exp( -675fT) cm3 molecule- I S-1 

over the temperature range 210-425 K. The preferred 
Arrhenius expression, k = A exp( - B IT), is centered at 
265 K and is derived from the three parameter equation 
withA = C e2 T2 and B = D + 2T. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Gierczak et ai., 19911 

IUPAC, 19892 

Atkinson, 19893 

NASA,19904 

References 

Comments 

(a) 

(b) 
(b) 
(b) 

IT. Gierczak, R. Talukdar, G. L. Vaghjiani, E. R. Lovejoy, and A. R. 
Ravishankara, J. Geophys. Res. 96, 5001 (1991). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5c. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 4303 (1976). 
tiR. T. Watson, A. R. Ravishankara, G. Machado, S. Wagner, and D. D. 

Davis, Int. J. Chern. Kinct. 11, 187 (1979). 
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Rate coefficient data 

./oIiJ/ute Rate Coefficients 

I I X 10- 12 exp[ - (1040 ± 140)/T] 
, I 'i2 ± 0.28) x 10-14 

1111 X 1O- 12 exp[-(900 ± 1S0)/T 
I" I) ± 0.6) x 10- 14 

(, 'i X 10- 13 exp[ - (840 ± 40)/T] 
\ \ 64 ± 0.34) x 10- 14 

U"\lleWs and Evaluations 

I 2 X 10- 12 exp( -1060/T) 
I 16 x 10- 12 exp( -1056/T) 
(,4 x 10- 13 exp( -850/T) 

Comments 

Temp./K 

270-400 
298 
232-426 
303 
213-322 
298 

245-375 
245-375 
245-380 

(a) Flash photolysis system with resonance fluorescence 
detection of HO. 

(b) Discharge flow system with resonance fluorescence 
detection of HO. 

(c) Flash photolysis system with LIF detection of HO and 
discharge flow system with LMR detection of HO 
used. The rate coefficient measured at 380 K, of 
(7.20 :!: 0.58) X 10- 14 cm3 mo]ecu]e- 1 S-I, was not 
included in the cited Arrhenius expression. 

(d) Derived from least~squares analysis of the rate coeffi
cients of Howard and Evenson7 and Watson et al.8 

The data of Clyne and Holt9 were not considered in 
evaluating this reaction. 

(e) Derived fI-om the rate coefficients of Howard and 
Evenson,? Watson et al.,8 Liu et al. l and the as then 
unpublished data of Gierczak et al.3 

Preferred Values 

k = 3.6 X 10- 14 cm3 molecule- 1 S-1 at 298 K. 
k = 5.5 X 10- l3 exp( -815fT) cm3 molecule- I S-1 over 

the temperature range 240-300 K. 

Reliability 
~log k = ±0.15 at 298 K. 
~(EIR) = ±200 K. 

Reference 

Liu, Huie and Kurylo, 19901 

Brown et al., 19902 

Gierczak et al., 19913 

IUPAC, 19894 

Atkinson, 19895 

NASA,19906 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 

(d) 
(d) 
(e) 

The measured rate coefficients of Howard and Even~ 
son/ Watson et al.,8 Liu et al.1 and qierczak et al.3 are in 
reasonable agreement, but are significantly lower than 
those of Brown et al.2 These rate coefficients of Howard 
and Evenson,7 Watson et al.,1!. Liu et al! and Gierczak 
et al.3 have been fitted to the three parameter equation k 

CT2 exp( - D IT), resulting in k = 1.06 X 10- 18 T2 
exp( - 283fT) cm3 molecule -I s -lover the temperature 
range 213-400 K. The preferred Arrrhenius expression, k 
= A exp( - B IT), is centered at 265 K and is obtained 
from the three parameter equation with A = C e2 T2 and 
B D + 2T. 

References 

lR. Liu, R. E. Huic and M. J. Kurylo, J. Phys. Chern. 94, 3427 (1990). 
2A. C. Brown, C. E. Canosa-Mas, A. D. Parr, and R. P. Wayne, Atrnos. 
Environ. 24A, 2499 (1990). 

3T. Gierczak, R. Talukdar, G. L Vaghji:mi, F.. R.. T .llvl'jny, and A R 
Ravishankara, J. Geophys. Res. 96, 5001 (1991). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
5R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
IiNASA Evaluation No.9, 1990 (see references in Introduction). 
7c. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 4303 (1976). 
IIR. T. Watson, A. R. Ravishankara, G. Machado, S. Wagner, and D. D. 

Davis, Int. J. Chern. Kinet. 11, 187 (1979). 
'JM. A. A. Clyne and P. M. Holt. J. Chern. Soc .. Faraday Trans. 2. 75. 
582 (1979). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Rate coefficient data 

Absolute Rate Coefficients 

2.3 X 10-13 exp[ - (550 ± 750)/T] 
(3.7 ± 0.8) x 10- 14 

1.92 X 10- 12 exp[ - (1290 ± 9O)/T] 
(2.60 ± 0.29) x 10- 14 

6.5 X 10- 13 exp[ -(970 ± 115)/T] 
(2.41 ± 0.24) x 10- 14 

Comments 

Temp./K 

251-393 
300 
270-400 
298 
295-364 
295 

(a) Discharge flow system with resonance fluorescence 
detection of HO. The stated purity level of the 
CHChCF2CF3 sample used was> 99.5%. 

(b) Flash photolysis system with resonance fluorescence 
detection of HO. 

(c) Discharge flow system with LIF detection of HO. 

Preferred Values 

k = 2.5 X 10- 14 cm3 molecule- 1 S-1 at 298 K. 
k = 1.1 X 10- 12 exp( -1130/T) cm3 molecule- 1 S-1 

over the temperature range 270-400 K. 

Reliability 
Alog k = ±0.15 at 298 K. 
A(E/R) = ±300 K. 

Reference 

Brown et 01., 19901 

Zhang et 01., 19912 

Nelson, Zahniser and Kolb, 19923 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 

The'rate coefficients measured by Zhang et al.2 and 
Nelson et al.'!> over the temperature range 295-365 K are 
in good agreement within the experimental uncertainties. 
The rate coefficients measured by Brown et al. l at 251 K 
and 300 K are significantly higher, and are not used in the 
evaluation. The preferred 298 K rate coefficient is the av
erage of those calculated from the Arrhenius expressions 
of Zhang et al.2 and Nelson et al.,3 and the preferred tem
perature dependence is the mean of those of Zhang 
et al.2 and Nelson et al.3 [a least-squares analysis of these 
data2•

3 yields k = 1.56 X 10- 12 exp( -1239/T) cm3 

molecule -1 s -1, largely weighted by the 270 K and 400 K 
rate coefficients of Zhang et al.2

]. 

References 

lA. C. Brown, C. E. Ca'nosa-Mas, A. D. Parr, K. Rothwell, and R. P. 
Wayne, Nature 347, 541 (1990). 

2Z. Zhang, R. Liu, R. E. Huie, and M. J. Kurylo, Geophys. Res. Lett. 
18,5 (1991). 

3D. D. Nelson, Jr., M. S. Zahniser, and C. E. Kolb, J. Phys. Chern. 96, 
249 (1992). 

Rate cuefflclent data 

klcm3 molecule- 1 S-1 

Absolute Rate Coefficients 

6.75 X to- 13 exp[ - (1300 ± 180)IT] 
(8.6 ± 1.1) x 10-15 

3.9 X to- 13 exp[ - (1120 ± 125)/T] 
(9.0 ± 1.1) x 10- 15 

Temp./K 

29~00 

298 
295-374 
295 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Zhang et al., 19911 

Nelson, Zahniser, and Kolb, 19922 

Comments 

(a) 

(b) 
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Comments 

(a) Flash photolysis system with resonance fluorescence 
detection of HO. 

(b) Discharge flow system with LIF detection of HO. 

Preferred Values 

k = 8.9 X 10- 15 cm3 molecule- 1 S-1 at 298 K. 
k = 5.5 X 10-13 exp( -1230/T) cm3 molecule- 1 S-1 

over the temperature range 290-400 K. 

Reliability 
Alog k = ± 0.10 at 298 K. 
A(E/R) = ±300 K. 

Comments on Preferred Values 
The preferred values are derived from a least-squares 

analysis of the rate coefficients of Zhang et al.1 and Nel
son et al.,2 which are in excellent agreement. 

References 

IZ. Zhang, R. Liu, R. E. Huie, and M. J. Kurylo, Geophys. Res. Lett. 
18, 5 (1991). 

2D. D. Nelson, Jr., M. S, Zahniser, and C. E. Kolb, J. Phys. Chern. 96, 
249 (1992). 

Rate coefficient data 

Absolute Rate Coefficients 

7.1 X 10- 13 exp( - (1690 ± 230)/T] 
(2.1 ± 0.2) x 10- 15 

Comments 

Temp./K 

295-367 
295 

(a) Discharge flow system with LIF detection of HO. Re
liable data could not be obtained below 295 K owing 
to wall adsorption problems. 

Preferred Values 

k = 2.4 X 10-15 cm3 molecule- t S-1 at 298 K. 
k = 7.0 X 10-13 exp( -1690/T) cm3 molecule- 1 S-1 

over the temperature range 290-370 K. 

Reliability 
Alog k ± 0.3 at 298 K. 
A(E/R) = ±300 K. 

Reference Comments 

Nelson etal .. 19921 (a) 

Comments on Preferred Values 
The preferred values are based on the sole study of 

Nelson et al. 1 

References 

lD. D. Nelson, Jr., M. S. Zahniser, and C. E. Kolb, J. Phys. Chern. 96, 
249 (1992). 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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HO + HCOCI ~ H20 + CICO 

Rate coefficient data 

Temp./K 

Relative Rate Coefficients 

~ 3.2 X 10- 13 299.2 

Comments 

(a) Relative rate method. HO radicals generated by ther
mal decomposition of HOzNOz after the addition of 
NO to HC(O)Cl-n -butane-02-N2-H02NOz mixtures 
at 600 Torr total pressure. Upper limit derived from 
decay of n -butane (measured by GC) and lack of re
action of HC(O)CI (as monitored by FfIR absorption 
spectroscopy). 

Preferred Values 

k < 5 X 10- 13 cm3 molecule- 1 S-1 at 298 K. 

Reference Comments 

Libuda et al., 19901 (a) 

Comments on Preferred Values 
Based on the upper limit to the rate coefficient re

ported by Libuda et al.1 

References 

IH. G. Libuda, F. Zabel, E. H. Fink, and K. H. Becker, J. Phys. Chern. 
94,5860 (1990). 

HO + COCb ~ products 

Rate coefficient data 

Temp./K 

Relative Rate Coefficients 

< 1 X 10- 15 298 :t 3 

Comments 

(a) Relative rate study. HO radicals generated from the 
photolysis of CH30NO in CH30NO-NO-COCh
reference compound-air mixtures at atmospheric 
pressure. No reaction of COCh was observed. No de
tails given concerning the identity of the reference 
compound or the amount of reference compound re
acted. 

Preferred Values 

k < 5 X 10- 15 cm3 molecule- 1 S-l at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Nelson et 01., 19901 (a) 

Comments on Preferred Values 
The preferred upper limit to the 298 K rate coefficient 

is based on the sole reported study of Nelson et 01.,1 with 
the preferred upper limit being increased by a factor of 5 
over that cited by Nelson et al.1 

References 

IL. Nelson, I. Shanahan, H. W. Sidebottom, J. Treacy, and O. J. 
Nielsen, Int. J. Chern. Kinet. 22, 577 (1990). 
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HO + CH2CICHO ~ H20 + CH2CICO (1) 

~ H20 + CHCICHO (2) 

Rate coefficient data (k = k1 + k2) 

k fem3 molecule -1 S-1 

Absolute Rate Coefficients 
(3.0 ± 0.6) x 10-12 

Comments 

Temp./K 

298 

(a) Laser photolysis system with resonance fluorescence 
detection of HO. 

Preferred Values 

k = 3.0 X 10-12 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
alog k = ± 0.3 at 298 K. 

Reference 

Balestra-Garcia, Le Bras 
and Mac Leod, 19921 

Comments on Preferred Values 

Comments 

(a) 

The preferred 298 K rate coefficient is that of Balestra
Garcia et al. 1 The reaction is expected to proceed essen
tially totally by channel (1) at 298 K. 

Reference 

Ie. Balestra-Garcia, G. Le Bras and H. Mac Leod, J. Phys. Chern. 96, 
3312 (1992). 

HO + CHCbCHO ~ H20 + CHCbCO (1) 

~ H20 + CCbCHO (2) 

Rate coefficient data (k = k1 + k2 ) 

kfcm3 molecule -1 S-1 

Absolute Rate Coefficients 
(2.4 ± 0.5) x 10- 12 

Comments 

Temp./K 

298 

(a) Laser photolysis system with resonance fluorescence 
detection of HO. 

Preferred Values 

k = 2.4 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
alog k = ±O.3 at 298 K. 

Reference 

Balestra-Garcia, Le Bras 
and Mac Leod, 19921 

Comments on Preferred Values 

Comments 

(a) 

The preferred 298 K rate coefficient is that of Balestra
Garcia et al. 1 The reaction is expected to proceed essen
tially entirely by channel (1) at 298 K. 

Reference 

Ie. Balestra-Garcia, G. Le Bras, and H. Mac Leod, J. Phys. Chern. 96, 
3312 (1992). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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HO + CCbCHO ·~ H20 + CCbCO 

Rate coefficient data 

Absolute Rate Coefficients 

1.18 X 10- 11 exp[-(600 ± 90)/T] 
1.61 x 10- 12 

(8.6 ± 1.7) x 10- 13 

Relative Rate Coefficients 
(1.63 ± 0.29) x 10- 12 

Comments 

Temp./K 

298-520 
298 
298 

298 ± 3 

(a) Discharge flow system with resonance fluorescence or 
LIF detection of HO. 

(b) Laser photolysis system with resonance fluorescence 
detection of HO. 

(c) Relative rate method. HO radicals generated by pho
tolysis of CH30NO-air mixtures at atmospheric pres
sure. Decay rates of CCbCHO and ethyl acetate 
measured by GC, and the rate coefficient ratio placed 
on an absolute basis by use of k(HO + ethyl acetate) 
= 1.6 x 10- 12 cm3 molecule- I S-I.4 

Preferred Values 

k = 1.4 X 10- 12 cm3 molecule-I S-I at 298 K. 

Reliability 
~Iog k = ± 0.3 at 298 K. 

Reference 

D6be, Khachatryan and Berces, 19891 

Balestra-Garcia, Le Bras 
and Mac Leod, 19922 

Nelson et al., 199Q3 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 

At 298 K, the absolute and relative rate coefficients 
D6he et al.1 and Nelson et al.2 are in good agreement, 
are a factor of - 2 higher than the absolute rate coeffi
cient of Balestra-Garcia et al.1 The preferred 298 K rate 
coefficient is the average of the room temperature data 
D6he et al., 1 Balestra-Garcia et al.2 and Nelson et a/.3 No 
temperature dependence is recommended. 

References 

IS. D6be, L. A. Khachatryan, and T. Berces, Ber. Bunsenges Phys. 
Chern. 93, 847 (1989). 

2C. Balestra-Garcia, G. Le Bras, and H. Mac Leod, J. Phys. Chern. 96, 
3312 (1992). 

3L. Nelson, I. Shanahan, H. W. Sidebottom, J. Treacy, and O. J. 
Nielsen, Int. J. Chern. IGnet. 22, 577 (1990). 

4R. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 

Rate coefficient data 

k/cm3 molecule-I S-I Temp./K 

Relative Rate Coefficients 

(9.1 ± 3.2) x 10- 15 298 ± 3 

Comments 

(a) Relative rate method. HO radicals generated by the 
photolysis of CH30NG-air mixtures at atmospheric 
pressure. Decay rates of CH3COCI and CHCb mea
sured by GC, and rate coefficient ratio placed on an 
absolute basis by use of k(HO + CHCb) = 1.0 x 
10- 13 cm3 molecule-I S-I (this evaluation). 

Reference Comments 

Nelson et al ., 19901 (a) 

Preferred Values 

k = 9 X 10- 15 cm3 molecule-I S-I at 298 K. 

Reliability 
~log k = ± 1.0 at 298 K. 

reI 
th~ 
ea 
de 
k : 
of 
di: 

A 
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Comments on Prefe"ed Values 
The preferred 298 K rate coefficient is based on the 

relative rate coefficient study of Nelson et al.! However, 
the data presented in Figure 5 of Nelson et al.! and in the 
earlier presentation of Nelson et al? yields a rate coeffi
cient for the reaction of HO radicals with CH3C(O)CI of 
k = 6.8 X 10- 14 cm3 molecule- I S-I at 298 ± 3 K, a factor 
of -7.5 higher than cited in Nelson et a/. I This apparent 
discrepancy requires clarification. 

References 

IL. Nelson, 1. Shanahan, H. W. Sidebottom, J. Treacy, and O. J. 
Nielsen, Int. J. Chern. Kinet. 22, 577 (1990). 

2L. Nelson, J. J. Treacy, and H. W. Sidebottom, Proceedings, 3rd Eu
ropean Symposium on the Physico-Chemical Behavior of Atmospheric 
Pollutants, 1984; D~. Riedel Pub. Co., Dordrecht, Holland, 1984, p. 
258-263. 

HO + CHF20CHCICF3 -'> H20 + CHF20CCICF3 (1) 

-'> H20 + CF20CHCICF3 (2) 

Rate coefficient data (k = kJ + kJJ 

Temp.JK Reference Comments 

of Absolute /lqte Coefficients 

lUt 
ffi
lte 
of 
'10 

lyS. 

96, 

J. 

(2.1 ±0.7) "X' 1(}-14 298 

Comments 

(a) Discharge flow system with resonance fluorescence 
detection of HO. Stated purity level of the 
CHF20CHCICF3 sample used was > 99.5%. 

Preferred Values 

k = 2.1 X 10- 14 cm3 molecule-! s-! at 298 K. 

Brown et al., 19901 (a) 

Reliability 
dlog k = ± 0.5. 

Comments on Prefen'ed Values 
Based on the sole study of Brown et al.,! with expanded 

uncertainty limits. 

References 

IA. C.Brown, C. E. Canosa-Mas, A. D. Parr, and R. P. Wayne, Almos. 
Environ. 24A, 2499 (1990). 

HO + CHF20CF2CHFCI -'> H20 + CHF20CF2CFCI (1) 

-'> H20 + CF20CF2CHFCI (2) 

Rate coefficient data (k = k, + k2 ) 

k/cm3 molecule-I S-I 

Absolute Rate Coefficients 

6.1 x 10 -13 exp[ - (1080 ± 500)/T] 
(1.7 ± 0.5) X 10- 14 

Comments 

Temp.JK 

302-422 
302 

(a) Discharge flow system with resonance fluorescence 
detection of HO. The stated purity level of the 
CHF20CF2CHFCI sample used was > 99.5%. 

Preferred Values 

k = 1.6 X 10- 14 cm3 molecule-! S-1 at 298 K. 
k = 6.1 X 10- 13 exp( -1080IT) cm3 molecule- I S-1 

over the temperature range 300-430 K. 

Reference 

Brown et al., 19901 

Reliability 
dlog k = ± 0.5. 
d(EIR) = ±500 K. 

Comments on Prefe"ed Values 

Comments 

(a) 

The preferred values are based on the sole study of 
Brown et al.! 

References 

IA. C. Brown, C. E. Canosa-Mas, A. D. Parr, and R. P. Wayne, Atmos. 
Environ. 24A, 2499 (1990). 
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N03 + C2HCIa ~ products 

Rate coefficient data 

Relative Rate Coefficients 
(2.9 ± 0.2) x 10-16 

Reviews and Evaluations 
2.9 x 10- 16 

Comments 

Temp./K 

298 

298 

(a) Derived from a relative rate method, by monitoring 
the relative decay rates of C2HCb and C2H4 in 
N20s-N02-organic-air mixtures at one atmosphere 
total pressure of air. The observed decay rates yielded 
k(N03 + C2HCh)/k(N03 + C2H4) 1.37 ± 0.08. 
This rate coefficient ratio is placed on an absolute ba~ 
sis by use of k(N03 + C2H4) = 2.1 x 10- 16 cm3 

molecule- 1 
S-1 (this evaluation). 

(b) See Comments on Preferred Values. 

Preferred Values 

k = 2.9 X 10- 16 cm3 molecule- 1 S-1 at 298 K. 

Reference 

Atkinson, Aschmann and 
Goodman, 19871 

IUPAC, 19892 

Reliability 
dlog k = ± 0.3 at 298 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 

This data sheet is reproduced from our previous evalu~ 
ation. IUPAC. 1989.2 The preferred value is derived from 
the relative rate coefficients measured by Atkinson et a/. I 

as discussed in comment (a) above. The cited uncertainty 
limits have been increased. 

References 

IR. Atkinson, S. M. Aschmann, and M. A. Goodman, Int. J. Chern. 
Kinet. 19, 299 (1987). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 

Rate coefficient data 

Relative Rate Coefficients 
<6 x 10- 17 

Reviews and Evaluations 
< 1 x 10- 16 

Comments 

Temp./K 

298 

298 

(a) Derived from a relative rate method. by monitoring 
the relative decay rates of C2Cl4 and C2H4 in 
N205-NO~rganic-air mixtures at one atmosphere 
total pressure of air. The observations yielded 
k(N03 + C2CI4)lk(N03 + C2H4) < 0.25. This upper 
limit to the rate coefficient ratio is placed on an abso
lute basis by use of k(N03 + C2H4) = 2.1 x 10- 16 

cm3 molecule- 1 
S-1 (this evaluation). 

(b) See Comments on Preferred Values. 

Preferred Values 

k < 1 X 10- 16 cm3 molecule- I S-I at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Atkinson, Aschmann and 
Goodman, 19871 

IUPAC, 19892 

Comments on Preferred Values 

Comments 

(a) 

(b) 

This data sheet is reproduced from our previous evalu
ation. IUPAC. 1989.2 The preferred value is derived from 
the relative rate coefficients measured by Atkinson et al. 1 

as discussed in comment (a) above. The upper limit to the 
rate coefficient has been increased over that derived from 
the relative rate coefficient data.! 

References 

lR. Atkinson, S. M. Aschmann, and M. A. Goodman, Int. J. Chern. 
Kinet. 19, 299 (1987). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
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cia + H02 ~ HOCI + O2 (1) 

~ HCI + 0 3 (2) 

Mr(l) = -195 kJ·mol- 1 

M-r(2) = - 66 kJ·mol- 1 

Rate coefficient data (k = k1 + k2 ) 

k fcm3 molecule - I S - 1 

Absolute Rate Coefficients 
(6.2 ± 1.5) x 10- 12 

Reviews and Evaluations 
4.6 X 10- 13 exp(710fT) 
4.8 x 10- 13 exp(700fT) 

Comments 

Temp./K 

308 

200-300 
200-300 

(a) Molecular modulation with UV absorption study. CIO 
produced in presence of excess HOz from CI + HOz 
reaction in photolysis of Ch-H2-02-N2 mixtures. 
[H02] calculated using UV absorption cross-section 
of <T = 3.5 X 10- 18 cm2 molecule- I at 220 nm. Rate 
coefficient was independent of pressure over the 
range 50-760 Torr at 308 K. 

(b) See Comments on Preferred Values. 
(c) Based on data of Reimann and Kaufman,4 Stimptle 

et al.,s Leck et al.,6 Burrows and Cox7 and Cattell and 
Cox. I 

Preferred Values 

k = 5.0 X 10~12 cm3 molecule- I S-1 at 298 K. 
k = 4.6 X 10- 13 exp(710/T) cm3 molecule- 1 S-1 over 

the temperature range 200-300 K. 

Reliability 
dlog k = ±O.lS at 298 K. 
d(E/R) = ±300 K. 

Reference 

Cattell and Cox, 19861 

IUPAC, 19892 

NASA, 19903 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

The data of Cattell and Cox l are in good agreement 
with the earlier measurements,4-7 and the absence of a 
pressure dependence excludes a possible addition chan
nel. The lowest upper limit for HCI formation via channel 
(2) is k2 < 2.0 X 10- 14 cm3 S-I at 298 K.7 The preferred 
value at room temperature is based on the results re
ported in references 1, 4-7, and the recommended tem
perature dependencies are from reference 5. 

References 

IF. C. Cattcll and R. A. Cox, 1. Chern. Soc. Faraday Trans. 2, 82, 1413 
(1986). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4B. Reimann and F. Kaufman, J. Chern. Phys. 69, 2925 (1978). 
5R. M. Stimpfle, R. A. Perry, and C. J. Howard, 1. Chern. Phys. 71, 5183 

(1979). 
6"f. J. Leck, J. E. Cook, and 1. W. Birks, 1. Chern. Phys. 72, 2364 (1980). 
7J. P. Burrows and R. A. Cox, 1. Chcm. Soc. Faraday Trans. 1,77,2465 

(1981). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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cia + 0 3 ~ ciao + O2 (1) 

~ OCIO + O2 (2) 

Mr(l)= -147 kJ'mol- 1 

Mr(2)= -144 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 ) 

klcm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
k2 < 5 X 10- 15 298 
k < 1 X 10-18 298 
k < 1 X 10- 18 296 
kl < 1.4 X 10- 17 233,298 
kl = (4.0 ± 2.0) x 10- 16 413 

Reviews and Evaluations 
kl < 1 X 10- 18 298 
k2 < 1 X 10-18 298 

Comments 

(a) Discharge flow system with MS detection. 
(b) Steady state photolysis of Ch-03 mixtures. 
(c) Discharge flow system. Reaction channel (1) was fol

lowed by monitoring the CIO produced from the ther
mal decomposition of the product CIOO in the 
presence of 0 3. The product CIO was distinguished 
from reactant CIO through isotopic oxygen labelling. 
The authors combined the upper limit at 298 K with 
the value measured at 413 K to derive an A-factor of 
2.4 x 10- 12 cm3 molecule- 1 S-1 and a lower limit to 
E /R of 3600 K. 

(d) Based on the results of DeMore et al.2 and Wongdon
tri-Stuper et al.3 The pre-exponential factor was esti
mated to be 1 x 10- 12 cm3 mul~cult;-1 S-I, r~sulting 

in a lower limit to E /R of 4000 K. 

Preferred Values 

kl < 1.5 X 10- 17 cm3 molecuIe- 1 S-1 at 298 K. 
k2 < 1 X 10- 18 cm3 molecule- 1 S-1 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Clyne, el al., 1975 1 (a) 
DeMore et al., 19752 (b) 
Wongdontri-Stuper et al., 19793 (b) 
Stevens and Anderson, 19904 (c) 

NASA,199OS (d) 

Comments on Preferred Values 
The preferred upper limit for kl is based on the results 

of the recent study of Stevens and Anderson.4 The pre
ferred upper limit for k2 is based on the data of DeMore 
et al.2 and Wongdontri-Stuper et al.3 Stevens and Ander
son's upper limit at room temperature4 can be combined 
with their measured rate coefficient at 413 K to derive A 
= 2 X 10- 12 cm3 molecule-I S-1 and E/R > 3600 K. For 
k2 one can estimate A = 1 X 10- 12 cm3 molecule- t S-1 

and derive E/R > 4000 K. 

References 

1M. A. A. Clyne, D. J. McKenney, and R. T. Watson, J. Chern. Soc. 
Faraday Trans. 1, 71, 322 (1975). 

2W. B. DeMore, C. L. Lin, and S. Jaffe, presented at ACS National 
Meeting, Philadelphia, PA, 197.5. 

3W. Wongdontri-Stuper, R. Jayanty, R. Simonaitis, and J. Heicklen, 1. 
Photochem. 10, 163 (1979). 

4P. S. Stevens and J. G. Anderson, Geophys. Res. Lett. 17, 1287 (1990). 
sNASA Evaluation No.9, 1990 (see references In Introduction). 
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CIO + NO ~ CI + N02 

Rate coefficient data 

k(Jcm3 molecule -1 S-1 

Absolute Rate Coefficients 
(1.6 ± 0.16) x 10- 11 

7.1 X 10- 12 exp[(270 ± 50)/T] 

Reviews and Evaluations 
6.2 x 10- 12 exp(294IT) 
6.4 x 10 -12 exp(290/T) 

Comments 

Temp./K 

295 
202-393 

202-415 
200-300 

(a) Discharge flow system with MS detection of CIO. 
(b) Discharge flow system with LMR detection of CIO. 
(c) See Comments on Preferred Values. 
(d) Based on data of Clyne and MacRobert, l Lee et al., 2 

Clyne and Watson,6 Leu and DeMore7 and Ray and 
Watson.s 

Preferred Values 

k = 1.7 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
k = 6.2 X 10-12 exp(294/T) cm3 molecule- 1 8- 1 over 

the temperature range 202-415 K. 

Reliability 
i.\log k = ±0.1 at 298 K. 
.6.(E/R) = ± 100 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1982.3 The room temperature rate co-

Reference 

Clyne and MacRobert, 19801 

Lee et al., ] 9822 

CODATA, 19823; IUPAC, 19894 

NASA, 199()5 

Comments 

(a) 
(b) 

(c) 
(d) 

efficients reported by Clyne and MacRobert,1 Lee et 01.,2 
Clyne and Watson,6 Leu and DeMore7 and Ray and Wat
sons are in very good agreement and are averaged to yield 
the 298 K preferred value. The value reported by Zah
niser and Kaufman9 from a competitive study is about 
30% higher. The Arrhenius expression is derived from a 
least squares fit to the data reported in Refs 1, 2 and 6-8. 

References 

1M. A. A. Clyne and A. J. MacRobert, Int. J. Chern. Kinet. ll, 79 
(1980). 

2y. P. Lee, R. M. Stimpfle, R. A. Perry, J. A. Mucha, K. M. Evenson, 
D. A. Jennings, and C. J. Howard, Int. J. Chern. Kinet. 14, 711 (1982). 

3CODATA, Supplement I, 1982 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6M. A. A. Clyne and R. T. Watson, J. Chern. Soc. Faraday Trans. 1,70, 

2250 (1974) . 
7M. T. Leu and W. B. DeMore, J. Phys. Chem. 82, 2049 (1978). 
110. W. Ray and R. T. Watson, J. Phys. Chem. 85. 2955 (1981). 
9M. S. Zahniser and F. Kaufman, J. Chern. Phys. 66, 3673 (1977). 
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CIO + N02 + M ~ CION02 + M 

MfO = -112 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

kolcm3 molecule -1 S-1 Temp./K 

Absolute Rate Coefficients 
(1.5 ± 0.2) x 10-31 [N2] 298 
(1.8 ± 0.4) x 10-31 [N2] 270-295 
(1.6 ± 0.2) x 10-31(TI300)-30 [N2] 264-343 
(1.4 ± 0.7) x 10-31 [N2] 298 

Reviews and Evaluations 
1.7 x 1O- 31(TI300)-3.4 [N2] 250-420 
1.8 x 1O- 31 (TI300)-3.4 [air] 200-300 

Comments 

(a) Laser flash photolysis generation of CIO radicals from 
ChO. CIO radicals monitored by absorption at 285.2 
nm using a Xe arc lamp or a Mg-hollow cathode lamp 
as a light source. Pressure range = 20-600 Torr. Re
sults were in good agreement with falloff curve from 
earlier studies. 

(b) Modulated photolysis of ClrChO-N02-N2 mixtures. 
CION02 formation foUowed by diode laser spec
troscopy. This study ruled out the formation of iso
mers other than CION02• 

( c) Flash photolyis generation of CIO from ChO. Detec
tion of CIO via absorption at 256 nm. Pressure range 
17-790 Torr, with experiments conducted at 264,298, 
and 343 K. Results were in good agreement with ear
lier data in the falloff range.s 

(d) Modulated photolysis of OCIO-N02-N2 mixtures 
with CIO detection by UV absorption. 

(e) Average of ten earlier measurements which aU agreed 
very well. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Dasch, Sternberg, and Schindler, 19811 (a) 
Cox, Burrows and Coker, 19842 (b) 
Handwerk and Zellner, 19843 (c) 
Wallington and Cox, 19864 (d) 

CODATA, 19845; IUPAC, 19896 (e) 
NASA,19907 (e) 

Preferred Values 

ko = 1.6 X lO-:'!I(TI300)-:'!.4 [N2] cm:'! molecule- 1 S-1 

over the temperature range 200-300 K. 

Reliability 
~log ko = ±0.1 at 298 K. 
8n = ±1. 

Comments on Pre/erred Values 
There is now excellent agreement between the various 

studies of the reaction in the falloff region close to the 
low-pressure limit. The preferred value is the average of 
eleven different studies evaluated earlie~7 and in the 
present evaluation. The formation of OCIONO or 
CIOONO, suggested in order to explain earlier dis
crepancies between recombination and dissociation rate 
data, apparently does not occur (see reference 8). The 
discrepancies are now attributed to errors in the equi
librium constant and Mlo of the reaction.') The falloff 
curve is evaluated with Fe = 0.5 at 298 K. 
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High-pressure rate coefficient 

Rate coefficient data 

k ""fcrn3 molecule -1 S-1 

Absolute Rate Coefficients 
(3-6) X 10- 12 

(1.2:~~) x 10- 11 

Reviews and Evaluations 
2 X 10- 11 

1.5 X 1O- 11(Tf300)-19 

Ternp./K 

298 
264-343 

200-400 
200-300 

Comments 

(a) See comment (a) for ko• Extrapolation of krz, very un
certain. Fe unspecified. 

(b) See comment (c) for ko. Extrapolation of k_ very un

certain. Reported ka. value based on theoretical pre
diction. Using the reported ko and k rz, values, and Fe 
= 0.55, 0.50, 0.45 for 264, 298, 343 K, respectively, 
falloff cUlves are obtained which are in good agree
ment with the majority of the available data. 

( c) Based on a theoretical fit of various experimental 
falloff curves. 

(d) koo and its temperature coefficient are based on theo
retical modeling by Smith and Golden.1O 

Preferred Values 

koo = 2 X 10- 11 cm3 molecule- 1 s-1, independent of 
temperature over the range 200-300 K. 

Reliability 
~log koo 

300K. 
± 0.3 over the temperature range 200-

Comments on Preferred Values 
Since there are no direct measurements of k at pres

sures above 1 bar, koo cannot be established with cer
tainty, and theoretical predictions are no better than 
within a factor of 2. However, if the falloff curves below 
1 atm are fitted with the given ko, koo, and Fe values, this 
uncertainty does not influence the representation of the 
falloff curve in this range. For this reason. we suggest the 
preferred values with only a minor temperature depen
dence of koo. We prefer Fe = 0.5 at 298 K, and represen
tation in the form Fe = exp( - T/T*) yields T* = 430 K. 

Reference Comments 

Dasch, Sternberg, and Schindler, 19831 (a) 
Handwerk and Zellner, 19843 (b) 

CODATA, 19845; IUPAC, 19896 (c) 
NASA, 19907 (d) 

Comment of Thennochemistry 
The inconsistency between rate data for this reaction 

and the reverse dissociation CIONOz + M ~ CIO - N02 

+ M had been attributed earlier either to the formation 
of isomers in "this reaction, to errors in the dissociation 
measurements, 1l.12 or to errors in the equilibrium con
stant and thermochemistry. This discrepancy now has 
been resolved by the recent dissociation experiments,9 
which confirm the data of references 11 and 12, and by 
the exclusion of isomer formation.!! Following Anderson 
and Fahey,9 the heat of formation of CION02 has been 
corrected by combining the recombination and dissocia
tion rate data. These results are included in the present 
evaluation. 

References 

lW. Dasch, K. H. Sternberg, and R. N. Schindler, Ber. Bunsenges. Phys. 
Chern. 85, 611 (1981). 

2R. A. Cox, J. P. Burrows, and G. B. Coker, Int. J. Chern. Kinet. 16,445 
(1984). 

3V. Handwerk and R. Zellner, Ber. Bunsenges. Phys. Chern. 88, 405 
(1984). 

"T. J. Wallington and R. A. Cox, J. Chern. Soc. Faraday Trans. 2, 82, 275 
(1986). 

5CODATA, Supplement II, 1984 (see references in Introduction). 
6IUPAC, Supplement III, 1989 (see references in Introduction). 
7NASA Evaluation No.9, 1990 (see references in Introduction). 
IIJ. P. Burrows, D. W. T. Griffiths, G. K. Moortgat, and G. S. Tyndall, 
J. Phys. Chern. 89, 266 (1985). 

'JL. C. Anderson and D. W. Fahey, J. Phys. Chern. 94, 644 (1990). 
wG. P. Smith and D. M. Golden, Int. J. Chern. Kinet. 10,489 (1978). 
llH. D. Knauth, Ber. Bunsenges. Phys. Chern. 82, 212 (1978). 
12G. Schoen Ie, H. D. Knauth, and R. N. Schindler, J. Phys. Chern. 83, 
3297 (1979). 
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CIO + N03 ~ CIOO + N02 (1) 

~ OCIO + N02 (2) 

Mr(l) = -36 kJ'mol- 1 

Mr(2) = - 32 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 ) 

klcm3 molecule- 1 S-1 

Absolute Rate Coefficients 
(4.0 ± 1.7) x to- 13 

1.6 x to- 12 exp[-(420 ± 200)IT] 

Reviews and Evaluations 
4.0 x 10- 13 

4.0 X to- 13 

Comments 

Temp./K 

296 
278-338 

298 
200-300 

(a) Time dependent measurements of N03 in the photol
ysis of Ch - CIONOz - Nz mixtures. CIO assumed to 
be produced in presence of excess N03 by the reac
tion CI + N03• [N03] calculated using a = 1.7 X 

10-17 cm2 molecule- 1 at 662 nm. 
(b) Molecular modulation system with UV absorption. 

Photolysis of Ch - CIONOz - N2 mixtures. CIO moni
tored in UV at 277.2 nm (a =7.2 X 10- 18 cmZ) and 
N03 at 662 nm (a = 1.7 X 10- 17 cm2 molecule";I). 
Rate coefficients obtained by computer modeling of 
absorption-time profiles for CIO in the presence of 
excess N03. Upper limit of kJkl < 0.4 based on ab
sence of obsetvable OCIO. 

(c) See Comments on Preferred Values. 
(d) Based on Cox et al., 1.2 but with recommended zero 

temperature dependence. 

Preferred Values 

k -- 4.0 x 10-1'\ cm~ molecule- 1 
S-l aL 298 K. 

Reliability 
alog k = ± 0.3 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Cox et 01., 19841 

Cox et 01., 19872 

IUPAC, 19893 

NASA. 19904 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 
(rI) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.3 The two studiesl

•
2 using a similar 

technique are in good agreement at 298 K. In view of the 
uncertainty in the data, the temperature dependence 
cannot be considered to be established and a tempera
ture dependent expression for k is not recommended 
from this evaluation. The weight of evidence presented2 

suggests that channel (1) is the major pathway at T < 
300K. 

References 

1 R. A. Cox, R. A. Barton, E. Ljungstrom, and D. W. Stocker, Chern. 
Phys. Lett. 108, 228 (1984). 
2R. A. Cox; M. Fowles, D. Moulton, and R. P. Wayne, J. Phys. Chern. 
91, 3361 (1987). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
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CIO + CIO ~ CI + CIOO (1) 

~ CI + OCIO (2) 

~ CI2 + O2 (3) 

M/O(I) = 15 kJ·mol- 1 

M/O(2) = 18 kJ·mol- 1 

M/O(3) = -204 kJ·mol- 1 

Rate coeffIcient data (k = k1 + k2 + k3) 

k fcrn3 molecule - I S-1 

Absolute Rate Coefficients 
kl = (7.2 ± 1.6) x to- 15 

k2 = (7.3 ± 2.6) x to- 15 

k3 = (7.3 :::!: 1.8) x to- 15 

Reviews and Evaluations 
kl = 3.4 X to- 15 

k2 = 1.7 X 10- 15 

k3 = 4.9 X to- 15 

k = 8.0 X to- 13 exp( -1250/T) 

Comments 

Ternp./K 

300 

298 

200-300 

(a) Photolysis of flowing Clz-ClzO-Oz mixtures. Rate co
efficients derived from computer simulation of time
resolved absorption at 240, 257.7, and 292 nm and 
between 281 and 362 nm using a chemical mechanism 
consisting of 12 reactions. 

(b) Based on the data of Clyne et al.4 and Cox and Der
went.5 

(c) Based on the results of Clyne and co-workers,4 as dis
cussed in the reviews by Watson.6

,7 

Preferred Values 

kl = 3.4 X 10- 15 cm3 molecule- 1 S-1 at 298 K. 
k2 = 1.7 X 10- 15 cm3 molecule- 1 S-1 at 298 K. 
k3 = 4.9 X 10- 15 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
Alog kl = Alog k2 = Alog k3 ± 0.3 at 298 K. 

Comments on Preferred Values 
The preferred values are unchanged from the previous 

evaluation, IUPAC, 1989.2 The preferred value for the 

Reference Comments 

Simon et ai., 19901 (a) 

IUPAC, 19892 (b) 

NASA,19903 (c) 

overall rate constant at 298 K is a mean of the low pres
sure value of Clyne et al.4 and Cox and Derwent.5 The 
branching ratios at 298 K accept the results of Cox and 
Derwent.5 The recent results of Simon et al.1 are signifi
cantly different; the sum of the reported rate coefficients 
for the three reaction channels is twice as large as the 
overall rate coefficient established reliably by Clyne and 
co-workers,4 indicating some complication with the chem
istry in this new study. 

References 

IF. G. Simon, W. Schneider, G. K. Moortgat, and J. P. Burrows, J. Pho-
tochern. Photobiol. A 55, 1 (1990). 

2IUPAC, Supplement III, 1989 (sec refercnccs in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4M. A. A. Clyne, D. J. McKenney, and R. T. Watson, J. Chern. Soc. 

Faraday Trans. 1, 71, 322 (1975). 
sR. A. Cox and R. G. Dcrwcnt, J. Chern. Soc. Faraday Traml. 1,75, 16:35 

(1979). 
6R. T. Watson, J. Phys. Chern. Ref. Data 6, 871 (1977). 
7R. T. Watson, Proceedings of the NATO Advanced Study Institute on 
Atmospheric Ozone, Report FAA EE-80-20, FAA, Washington, DC 
(1980). 
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CIO + CIO + M ~ Cb02 + M 

air = -74 kJ·mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 
(1.8 ± 0.5) x 1O-32(T/3OO)-365 [Nz] 
(1.64 ± 0.09) x 10-32(T/300)-4.4 [Nz] 
(1.32 ± 0.08) x 1O-32(T/3OO)-44 [02] 

Reviews and Evaluations 
4.0 x 1O-32(T/300)-20 [Nz] 
1.8 x 1O-32(T/3OO)-3.6 [air] 

Comments 

Temp./K 

194-247 
200-263 

200-300 
200-300 

(a) CIO generated by flash photolysis of Ch-ChO or 
Cb-03 mixtures and monitored by long-path UV de
tection. Bath gas densities N2, Ar, or O2 were in the 
range 1018 to 3 X 1019 molecule cm-3

• Falloff extrap
olation to ko and kaJ used Fc = 0.6. 

(b) Flash photolysis of Ch-03 mixtures in the presence of 
25-600 Torr of He, N2, O2, or SF6• CIO and Ch02 
were monitored by long-path UV absorption. Falloff 
curves were evaluated with Fc = 0.6; difficulties with 
the simple falloff expression (see Introduction) were 
encountered. 

(c) The preferred values were averages of the data from 
references 5 and 6 for M = O2 and references 7 and 
8 for M = N2 + O2 and Ch + O2. The temperature 
dependence was based on the results from refer
ence 8. 

(d) Based on reference 1. 

Reference Comments 

Sander, Friedl, and Yung, 19891 (a) 
Trolier, Mauldin, and Ravishankara, 19902 (b) 

IUPAC, 19893 (c) 
NASA, 19904 (d) 

Preferred Values 

ko = 1.7 x 10-32(T/300)-4[N2] cm3 molecule- 1 S-1 over 
the temperature range 200-260 K. 

Reliability 
Alog ko = ±O.l at 250 K. 
An = ±l.S. 

Comments on Preferred Values 
The preferred values are an average of the most recent 

results from references 1 and 2. Some minor inconsisten
cies between these data and earlier results/'s obtained 
near 300 K and being slightly higher, remain unresolved. 
Difficulties2 with fits based on the simple falloff expres
sion (see Introduction) with a fixed value of Fc = 0.6 may 
be attributed to an oversimplified fitting procedure. As a 
next step, one may use theoretically modeled and temper
ature dependent values of Fc as well as Fc-dependent 
widths of the falloff curves. 

High-pressure rate coefficients 

k ",,/cm3 molecule - 1 S - 1 

Absolute Rate Coefficients 
(6 ± 2) x 10- 12 

(4.8 ± 1.3) x 10- 12 

Reviews and Evaluations 
6 x 10- 12 

Temp./K 

194-247 
200-263 

200-300 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Rate coefficient data 

Reference Comments 

Sander, Friedl, and Yung, 19891 (a) 
Trolier, Mauldin, and Ravishankara, 19902 (b) 

NASA, 19904 (c) 
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Comments 

(a) See comment (a) for ko. 
(b) See comment (b) for ko. 
(c) Based on reference 1. 

Preferred Values 

kCD = 5.4 X 10- 120 cm3 molecule 1 s 1, independent of 
temperature over the range 200-300 K. 

Reliability 
~log koo 

300K. 
± 0.3 over the temperature range 200-

Comments on Preferred Values 
See comments on ko. 

References 

IS. P. Sander, R. R. Friedl, and Y. L. Yung, Science 245, 1095 (1989). 
2M. Trolier, R. L. Mauldin III, and A. R. Ravishankara, J. Phys. Chern. 

94, 4896 (1990). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5H. S. Johnston, E. D. Morris Jr., and J. van den Bogaerde, J. Am. 
Chern. Soc. 91, 7712 (1969). 

6N. Basco and J. Hunt. Int. J. Chern. Kinet. 11.649 (1979). 
7R. A. Cox, R. G. Derwent, A. E. J. Eggleton, and H. J. Reid, J. Chern. 
Soc. Faraday Trans. 1, 75, 1648 (1979). 

IIG. D. Hayman, J. M. Davies, and R. A. Cox, Geophys. Res. Lett. 13, 
1347 (1986). 

Cb02 + M ~ CIO + CIO + M 

aIr = 74 kJ'rnol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

kols- 1 Temp./K 

Reviews and Evaluations 
3.1 X lO-5(T/300)-3 x 230-300 
exp( - 8720/T) [N2] 

6.0 x lO-111 [N2] 298 
6.0 x lO-6(T/300)-36 x 200-300 
exp( - 8450/T) [air] 
3.0 x 10-18 [air] 298 

Comments 

(a) Based on ko = 4.0 x 10-32(T/300)-2lN2] cm3 

molecule -1 s -1 recommended for the reverse reac
tion CIO + CIO + M ~ Ch02 + M and an equi
librium constant Ke = 4.2 X 10-30 T exp(8720/T) cm3 

molecule -1 from Cox and Hayman.3 

(b) Based on ko = 1.8 x 10-32(T/300)-36[air] cm3 

molecnle- I ,,-1 from Ref. 4 for the reverse reaction 
and Ke = 3.0 X 10-27 exp(84S0/T) cm3 molecuIe- I 

from Cox and Hayman.3 

Preferred Values 

ko = 2.7 X 10- 18 [N2] S-l at 298 K. 
ko = 1.35 X 10-5(T/300)-5 exp( -8720/T)[N2] 5- 1 over 

the temperature range 200-300 K. 

Reference 

IUPAC, 19891 

NASA,19902 

Reliability 
Lllog ko = ± 0.3 at 300 K. 
Ll(E/R) = ± 900 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 

The preferred values are calculated from ko = 1.7 X 

10-32 (TI300)-4 [N2) cm3 molecule- 1 S-1 for the reverse 
reaction (see this evaluation) and Kc = 1.26 x 10- 27(T/ 
300) exp(8720/T) cm3 molecule -1 from Cox and Hay
man.3 The preferred values correspond to falloff curves 
with Fe = 0.6. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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High-pressure rate coeffclents 

Rate coefficient data 

Temp./K 

Reviews and Evaluations 
2 X 1015 exp( - 8450/T) 200-300 

Comments 

(a) Based on kaJ = 6 X 10-12 cm3 molecule- 1 S-1 for the 
reverse reaction (see this evaluation) and Kc = 
3.0 X 10-27 cxp(8450/T) cml mokculc- I from Cox 
and Hayman.3 

Preferred Values 

kaJ = 8.7 X 102 
S-1 at 298 K. 

kaJ = 1.8 X 1015 exp( - 84501T) S-1 over the tempera
ture range 200-300 K. 

Reliability 
Alog ktzl ± 0.3 at 300 K. 
A(E/R) = ±900 K. 

Reference Comments 

NASA,19902 (a) 

Comments on Preferred Values 
The preferred values are based on ka; = 5.4 X 10- 12 

cm3 molecule -1 s -1 for the reverse reaction (see this eval
uation) and Kc = 3.0 X 10-27 exp(8450/T) cm3 

molecule -1 from Cox and Ilayman.3 Pall off curves with Fe 
= 0.6 were used for the extrapolation to kaJ. 

References 

lIUPAC, Supplement III, 1989 (see references in Introduction). 
2NASA Evaluation No.9, 1990 (see references in Introduction). 
3R. A. Cox and G. D. Hayman, Nature 322, 796 (1988). 
4S.P. Sander, R. R. Friedl, and Y. L. Yung, Science 245, 1095 (1989). 

CIO + OCIO + M ~ Cb03 + M 

MfO ;: -62 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

ko/cm3 molecule -1 S-l Temp./K 

Absolute Rate Coefficients 

226 

Comments 

(a) Molecular modulation technique with Ch-OCI0-N2 
mixtures in the pressure range 4.8-29 Torr. CtO was 
monitored by UV absorption at 277.2 nm. The reac
tion was apparently close to the low pressure limit. 

Preferred Values 

Reliability 
Alog ko = ± 0.5 at 226 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Parr et al., 19901 (a) 

Comments on Preferred Values 
Since this is the only rate measurement, large error 

limits are adopted. The thermochemical values were ob
tained from measurements of the equilibrium constant by 
Hayman and Cox.2 

References 

1A. D. Parr, R. P. Wayne, G. D. Hayman, M. E. Jenkin, and R. A. Cox, 
Geophys. Res. Lett. 17,2357 (1990). 

2G. D. Hayman and R. A. Cox, Chern. Phys. Lett. 155, 1 (1989). 
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AIr = 62 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

No direct measurements. 

Preferred Values 

ko = 2.8 X 10- 18 [N2] S-1 at 226 K. 

Reliability 
~log ko = ±O.s at 226 K. 

Cnmmpnts on Prpferred Values 
This value is calculated from the rate coefficient of the 

reverse reaction ko = 2.8 X 10-31 [N2] cm3 molecule- 1 
S-1 

at 226 K from reference 1 and the equilibrium constant Kc 
= 1.0 X 10- 13 cm3 molecule- I at 226 K from Ref. 2. 

References 

lAo D. Parr, R. P. Wayne, O. D. Hayman, M. E. Jenkin, and R. A. Cox, 
Oeophys. Res. Lett. 17, 2357 (1990). 

20. D. Hayman and R. A. Cox, Chem. Phys. Lett. ISS, 1 (1989). 

cia + CH30 z ~ CIOO + CH30 (1) 

~ OCIO + CH30 (2) 

M-fO(l) = 3 kJ'mol- l 

Mr(2) = 6 kJ'mol- l 

Rate coefficient data (k = k1 + k2 ) 

klcrn3 molecule- l S-l Temp./K 

Absolute Rate Coefficients 
kl < 4 X 10- 12 197-217 
k2 < 1 X 1O-1S 197-217 
(3.1 j: 1.7) x 10- 12 300 

Branching Ratios 
kl/k ... 0.85 :!; 0.15 300 

Reviews and Evaluations 
No recommended value 

Comments 

(a) Photolysis of Ch-CH4-Or 0 2-N2 mixtures at wave
lengths > 320 nm. The products were monitored by 
UV-visible and FfIR absorption spectroscopy. The 
experiments were sensitive to occurrence of reaction 
(1) because it produces an enhanced rate of ozone 
loss. The sensitivity declines rapidly with lower values 
of kl, and a value of 1 x 10- 12 cm3 molecule- 1 S-1 

could not be excluded. 
(b) Modulated photolysis of Ch-CH4-ChO-02 mixtures 

using UV-visible and FfIR absorption spectroscopy. 

Reference Comments 

DeMore, 19911 (a) 

Simon et al., 19892 (b) 

Simon et al., 1989" (b) 

NASA,19903 (c) 

CIO was monitored at 292 nm and CH30 2 at 240 nrn. 
The' authors state that the observations were best ex
plained by postulating a fast biomolecular reaction 
between CIO and CH30 2• They derived the stated 
value of kat 300 K and 240 Torr total pressure. Based 
on an estimated value of E /R = - 200 K, they esti
mate that at 190 K, the rate coefficient k would be 
-(4-5) x 10- 12 cm3 molecule- 1 S-I. 

(c) Results of Simon et al.2 cited, but no recommended 
value given. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Preferred Values 

kl < 4 X 10-12 cm3 molecule- 1 S-1 at 200 K. 
k2 < 1 X 10-15 cm3 molecule- 1 S-1 at 200 K. 

Comments on Pre/erred Values 
The preferred values are the upper limits at 200 K re

ported by DeMore. 1 These results are preferred over the 
estimated low-temperature value suggested by Simon 
et al.2 because they appear to provide more direct infor-

MlO = -11 kJ'rnol- 1 

mation as to the rate coefficient for this reaction. They do 
not support the low temperature value suggested by Si
mon et al.2 on the basis of the room temperature results 
reported by those authors. 

References 

lW. B. DeMore, J. Geophys. Res. 96, 4995 (1991). 
2F. G. Simon, J. P. Burrows, W. Schneider, G. K. Moortgat, and P. J. 
Crutzen, J. Phys. Chern. 93, 7807 (1989). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 

Rate coefficient data 

k/cm3 molecule -1 S-1 

Absolute Rate Coefficients 
(1.20 ± 0.15) x 10- 19 

2.3 x 1O- 12 exp[-(4730 ± 630)/T] 
3.0 x 10- 19 

Reviews and Evaluations 
2.1 x 10- 12 exp( -4700/T) 

Comments 

Ternp./K 

298 
262-298 
298 

262-298 

(a) Static system used. Rate coefficient was determined 
by monitoring the loss of 0 3 in excess OCIO and also 
the loss of OCIO in excess 0 3• Both species were mea
sured by UV absorption; 0 3 at 254 nm and OCIO at 
366 nm. 

(b) The decay of OCIO in excess 03 was monitored by 
UV absorption at 400 nm. The reaction rate was also 
determined by the photolysis of Ch-03 mixtures at 
366 nm to produce OCIO, followed by monitoring 
OClO decay in the dark. 

(c) Based on the results of Wongdontri-Stuper et al.2 

Preferred Values 

k = 3.0 X 10-19 cm3 molecule- 1 S-1 at 298 K. 
k = 2.1 X 10-12 exp( -4700/T) cm3 molecule- 1 S-1 

over the temperature range 262-298 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Birks et al., 19771 

Wongdontri-Stuper et al., 19792 

NASA,19903 

Reliability 
~log k = ± 0.4 at 298 K. 
~(E/R) = ± 1000 K. 

Comments on Pre/erred Values 

Comments 

(a) 
(b) 

(c) 

The preferred value is based on the results reported in 
the study of Wongdontri-Stuper et al.2 Within the indi
cated uncertainty limits it encompasses the lower room 
temperature value reported by Birks et al.1 

References 

11. W. Birks, B. Shoemaker, T. J. Leck, R. A. Borders, and L. J. Hart, 
J. Chern. Phys. 66,4591 (1977). 

2W. Wongdontri-Stuper, R. K. M. Jayanty, R. Sirnonaitis, and J. Heick
len, 1. Photochern. 10, 163 (1979). 

3NASA Evaluation No.9, 1990 (see references in Introduction). 
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OCIO + NO ~ N02 + cia 

M-fO = -56 kJ·mol- 1 

Rate coefficient data 

Absolute xate Coefficients 
(3.4 ± 0.5) x 10- 13 

Reviews and Evaluations 
3.4 X 10- 13 

2.5 x 10- 12 exp( - 600fT) 

Comments 

Ternp./K 

298 

298 
200-300 

(a) Discharge flow system with MS determination of 
OCIO decay in presence of excess NO. Secondary re
actions as a result of CI generation from CIO + NO 
~ NOJ + Cl snppressecl hy ~clclition of NOrl or Rr2_ 

(b) See Comments on Preferred Values. 
(c) Arrhenius parameters estimated using 298 K value of 

Bemand et al.1 

Preferred Values 

k = 3.4 X 10- 13 em3 molecule- l S-l at 298 K. 

Reliability 
Alog k = ± 0.3 at 298 K. 

Mr = -73 kJ'mol- 1 

Reference 

Bemand, Clyne, and Watson, 19731 

IUPAC, 19892 

NASA,19903 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.2 The preferred value is based on the 
only direct study of this reaction reported by Bemand 
et al. l In the absence of experimental data no recommen
cl~tion is. given for the temper~tllre clepenclence_ 

References 

lp. P. Bemand, M. A. A. Clyne, and R. T. Watson, J. Chern. Soc. Fara
day Trans. 1, 69, 1356 (1973). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No_ 9, 1990 (see references in Introduction)_ 

Rate coefficient data 

Absolute Rate Coefficients 
< 1 X 10- 19 

Reviews and Evaluations 
< 1 X 10- 19 

Comments 

Temp./K 

195-217 

200 

(a) Photolysis (A > 300 nm) of Ch-03 or Ch-ChO mix
tures, both in the gas phase and in the cryogenic sol
vents CF4, CO2, and N20. The quantum yield of 0 3 

loss was measured. 
(b) Based on the results of DeMore and Tschuikow

Roux. l 

Reference Comments 

DeMore and Tschuikow-Roux, 19901 (a) 

NASA. 19902 (h) 

Preferred Values 

k < 1 X 10- 19 cm3 molecule- 1 S-l at 200 K. 
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Comments on Preferred Values 
The recommended upper limit is that determined by 

DeMore and Tschuikow-Roux l from measurement of the 
quantum yield of 03 loss in the photolysis of Ch-03 
mixutes at A > 300 nm. The experiments were very sen
sitive to this reaction. Reaction at a rate greater than this 
upper limit would have had a marked effect on the quan
tum yield of ozone loss and also would have resulted in a 
dependence of the quantum yield on the ozone concen
tration; however, neither effect was obselVed. These 

MlO:;::: 147 kJ'mol- 1 

measurements refer to a temperature of about 200 K -
the value of this rate coefficient at higher temperatures 
would be of no atmospheric significance because of the 
thermal decomposition of the ChOz dimer. 

References 

IW. B. DeMore and E. Tschuikow-Roux, J. Phys. Chern. 94, 5856 
(1990). 

2NASA Evaluation No.9, 1990 (see references in Introduction). 

Low-pressure rate coefficient 

Rate coefficient data 

k"jcm3 molecule -I S-I 

Absolute Rate Coefficients 
(1.9 ± 0.2) x 1O-29(T/300)-47 [Nz] 

Reviews and Evaluations 
1.9 X 1O-29(T/300)-47 [N2] 

1.5 x 1O-29(T/300)-47 [air] 
1.55 X 1O-29(T/300)-48 [N2] 

Comments 

Temp./K 

233-373 

200-400 
200-300 
233-295 

(a) Pulsed laser photolysis-MS system used. The pressure 
range was 0.2-12 Torr. Falloff extrapolation using Fe 
= 0.6. 

(b) Based on Ref. 1. 
( c) Based on Ref. 1 and earlier work from the same lab

oratory. 
(d) Based on reference 1 and a new falloff extrapolation 

using theoretical modelling. 

Preferred Values 

ko = 1.9 X 10- Z9(T/300)-4.7 [Nz] cm3 molecule- l S-1 

over the temperature range 200-300 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Caralp, Lcsdaux, and Dognon, 19861 

IUP AC, 19892 

NASA, 19903 

Forst and Caralp, 19914 

Reliability 
Lllog ko = ± 0.2 at 300 K. 
Lln = ±1. 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 
(d) 

There is good agreement between Refs. 1 and 5 for M 
= He. Fal10ff extrapolation with Fc = 0.6. 
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High-pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 
1.0 x 10- 11 

8.0 X 10- 12 

9.0 X 10- 12 

Reviews and Evaluations 
1 X 10- 11 

8.5 X 1O-12(T/300)-1 
6.3 X 1O- 12(T/300)-027 

Comments 

Temp./K 

298 
295 
233-373 

200-400 
200-300 
233-295 

(a) Pulsed radiolysis of CF3Cl. CF30 2 radicals were de
t~ct~u by UV absorption spectroscopy. Measure
ments made at 700 Torr of Ar. 

(b) Microwave discharge-flow system coupled to quadru
pole MS. CF3 radicals were monitored by MS. Falloff 
curve measured over the range 0.5-8.3 Torr, and ex
trapolated using Fe = 0.38. 

(c) See comment (a) for ko• 
Cd) Based on Ref. 6. 
(e) See comment (c) for ko• 
(f) See comment (d) for ko• 

Preferred Values 

koo = 1.0 X 10- 11 cm3 molecule- 1 S-I, independent of 
temperature over the range 200-400 K. 

tllfn = - 137.5 kj'lllul- I 

Reference 

Cooper et al., 19806 

Ryan and Plumb, 19825 

Caralp, Lesclaux, and Dognon, 19861 

IUPAC, 19892 

NASA,19903 

Forst and Caralp, 19914 

Comments 

(a) 
(b) 
(c) 

(d) 
(e) 
(t) 

Reliability 
Alog koo 

400K. 
± 0.3 over the temperature range 200-

Comments on Preferred Values 
The preferred values are from Ref. 6 because those 

measurements were relatively close to the high-pressure 
limit, in contrast to other work. 

References 

IF. Caralp, R. Lcsclaux, and A. M. Dognon, Chern. Phys. Lett. 129,433 
(1986). 

2IUPAC. Supplement III. 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4W. Forst and F. Caraip, J. Chern. Soc. Faraday Trans. 87, 2307 (1991). 
5K. R. Ryan and I. C. Plumb, J. Phys. Chern. 86, 4678 (1982). 
oR. Cooper, J. B. Cumming, S. Gordon, and W. A. Mulac, Rad. Phys. 
Chern. 16, 169 (1980). 

Low-pressure rate coefficients 

Rate coefficient data 

k(Jcm3 molecule - 1 S-1 Ternp./K 

Reviews Evaluations 
1.44 x 1U-Z9(T/2Y~r:l19 LN2J 230-370 

Comments 

(a) Theoretical prediction based on modeling of the 
complete series CX3 + O2 + M (with X F, CI). 

Preferred Values 

ko = 1.4 x 10- 29(T/300)-lN2] cm3 molecule- t 5- 1 over 
the temperature range 200-300 K. 

Reference 

Forst and Caralp, 199P 

Reliability 
Alog ko = ±: 0.5 at 300 K. 
An = ±2. 

Comments on Preferred Values 

Comments 

(a) 

There are no measurements for this reaction, but the 
theoretical modeling of the complete series CX3 + O2 + 
M (X = F, CI) provides a reliable basis for interpolating 
rate data between members of this series. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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High-pressure rate coefficients 

Rate coefficient data 

Reviews and Evaluations 
7.1 X 1O-12(T/298)-056 

Comments 

(a) See comment (a) for ko• 

Preferred Values 

Temp./K 

230-370 

ka: = 9 X 10-12 cm3 molecule- 1 S-I, independent of 
temperature over the range 200-300 K. 

Reliability 
Alog ka: 

300K. 
± 0.5 over the temperature range 200-

IlHO = - 124.6 kJ'mol- l 

Reference Comments 

Forst and Caralp, 19911 (a) 

Comments on Preferred Values 
We prefer a slightly higher value than estimated in 

Ref. 1. These preferred values are chosen as for the re
lated reaction CFCh + O2 + M (see this evaluation, 
based on data from Ref. 2). Fe = 0.6 is recommended as 
for CFCh + 02 + M. 1lH'" is estimated following Ref. 1. 

References 

lW. Forst and F. Caralp, J. Chern. Soc. Faraday Trans. 87, 2307 (1991). 
2F. Danis, Ph.D. Thesis, Bordeaux, 1990, cited in reference 1. 

Low-pressure rate coefficients 

Rate coefficient data 

kolcm3 molecule -1 S-1 Temp./K 

Absolute Rate Coefficients 
(5.0 ± 0.8) x 10-30 [N2] 298 
5.5 x 1O-3°(T/298)-6 [N2] 233-373 

Reviews and Evaluations 
5 X 1O-3°(T/300)-4 [N2] 200-300 
5 X 1O-30(T/300)-2 [air] 200-300 
6 x 10-311(T/298)-56 [N2] 233-373 

Comments 

(a) Pulsed laser photolysis-MS system used. Falloff CUNe 
measured over the range 0.2-12 Torr, and extrapo
lated using Fe = 0.6. 

(b) New measurements reported in Ref. 5. 
(c) Based on Ref. 1, with the temperature-dependence 

from the analogous reaction CF3 + O2 + M. 
(d) Based on Ref. 1, with an estimated temperature-de

pendence. 
(e) Based on Ref. 1 and a theoretical evaluation with es

timated value of Mloo = -121 kJ·mol- l
• 
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Reference Comments 

Caralp and Lesclaux, 19831 (a) 
Danis, 19912 (b) 

IUPAC, 19893 (c) 
NASA,19904 (d) 
Forst and Caralp, 19915 (e) 

Preferred Values 

ko = 5.5 X 10-3°(T/300)-6 [N2] cm3 molecule- 1 S-1 

over the temperature range 200-300 K. 

Reliability 
Alog ko = ± 0.3 at 298 K. 
An = ±2. 

Comments on Preferred Values 
The preferred values are based on Ref. 2. The data ap

pear consistent with other results for the series CX3 + O2 

+ M (X = CI, F) (see this evaluation). 
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High-pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 
(6 ± 1) x 10- 12 

(9 ± 3) x 10- 12 

Reviews and Evaluations 
6 X 10- 12 

6 X 1O- 12(T/300)-1 
7 X 1O-12(T/298)-077 

Temp./K 

298 
233-373 

200-300 
200-300 
233-373 

comments 

(a) - (e) See comment (a) - (e) for ko• 

Preferred Values 

k", = 9 X 10- 12 cm3 molecule- 1 S-l, independent of 
temperature over the range 200-300 K. 

Reliability 
Alug k", ::t: 0.5 at 300 K. 
ll.n = ± 1. 

!J.fr = -82.4 kJ'rnol- 1 

Reference Comments 

Caralp and Lesclaux, 19831 (a) 
Danis, 19912 (b) 

IUPAC, 19893 (c) 
NASA,19904 (d) 
Forst and Caralp, 19915 (e) 

Comments on J-Ireferred Values 
Experiments have been limited to the lower part of the 

falloff curve. Therefore, the extrapolation to the high 
pressure limit remains relatively uncertain. The more re
cent value from Ref. 2 is preferred because it is close to 
the k'X value for the reaction CF3 + O2 + M (see this 
evaluation). 

References 

IF. Caralp and R. Lesclaux. Chern. Phys. Leu. 102. 54 (1983). 
2F. Danis, Ph.D. Thesis, Bordeaux, 1990, cited in reference 5. 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5W. Forst and F. Caralp, J. Chern. Soc. Faraday Trans. 87.2307 (1991). 

Low-pressure rate coefficients 

Rate coefficient data 

kolcm3 molecule - 1 S-1 

Absolute Rate Coefficients 
(5.8 ± 0.6) x 10-31 [He] 
(1.6 ± 0.3) x 1O-3°(T/298)-63 [N2] 

Reviews and Evaluations 
1.5 x 1O-3°(TI300)-4 [N2] 

1.0 x 1O-3°(TI300)-2 [air] 
1.78 x 1O-31I(T/300)-64 [N2] 

Comments 

Temp./K 

295 
233-333 

200-300 
200-300 
233-333 

(a) Microwave discharge flow system study using 
quadrupole MS. CCb radicals were generated by the 
reaction F + CHCh ~ CCh + HF. Falloff curve was 
studied between 1.7 and 5.4 Torr of He, and extrap
olated with Fc = 0.25. 

(b) New measurements over the pressure range 1-760 
Torr, cited in Refs. 5 and n. 

(c) Estimated on the basis of the data from Ref. 1 with 
Fc = 0.6. 

(d) Based on Ref. 2 together with theoretical modeling. 

Reference 

Ryan and Plumb, 19841 

Danis et al., 19912 

IUPAC, 19893 

NASA,19904 

Forst and Caralp, 199P 

Preferred Values 

Comments 

(a) 
(b) 

(c) 
(c) 
(d) 

ko = 1.6 x 10-3°(TI300)-tlN2] cm3 molecule- 1 S-1 over 
the temperature range 200-300 K. 

Reliability 
Alog ko = ± 0.3 at 300 K. 
An = ±2. 

Comments on Preferred Values 
The preferred values are based on Ref. 2, and are con

sistent with the data for M = He from Ref. 1. The falloff 
curves are extrapolated with Fc = 0.6. 
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High-pressure rate coefficients 

Rate coefficient data 

k"Jcm3 molecule- 1 5-1 Temp./K 

Absolute Rate Coefficients 
5.1 x 10- 12 300 
2.5 x 10- 12 295 
3.2 x 1O- 12(T/298)-1.2 233-333 

Reviews and Evaluations 
5 x 10- 12 200-300 
2.5 x 1O- 12(T/300)-2.5 20~3oo 
2.95 x 10- 12(T/298)-063 233-333 

Comments 

(a) CCh radicals were generated by pulsed radiolysis of 
CC14 at 700 Torr of He. CCb02 radicals were de
tected by UV absorption. 

(b) See COllllIlent (a) fur ko. 
(c) See comment (b) for ko• 

(d) See comment (c) for ko• 
(e) Based on Ref. 7. 
(f) See comment (d) for ko• 

Preferred Values 

kCD = 3.6 X 10-12 cm3 molecule- I s-1, independent of 
temperature over the range 200-300 K. 

Reliability 
dlog kCD = ± 0.5 over the temperature range 200-

300K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Cooper et al., 19807 (a) 
Ryan and Plumb, 19841 (b) 
Danis et al., 19912 (c) 

IUPAC, 19893 (d) 
NASA,19904 (e) 
Forst and Caralp, 19915 (e) 

Comments on Preferred Values 
Because the available measurements are in the lower 

part of the falloff curve, the extrapolation to kCD remains 
fairly uncertain. The preferred values are an average of 
the data from Refs. 1,2, and 7. They probably present a 
lower limit for kac. Mlo of the reaction was determined 
from measurements of the equilibrium. 

References 

lK. R. Ryan and I. C. Plumb, Int. J. Chern. Kinet. 16,591 (1984). 
2F. Danis, F. Caralp, M. T. Rayez, and R. Lesc1aux, J. Phys. Chern., 95, 
7300 (1991). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5W. Forst and F. Caralp, J. Chern. Soc. Faraday Trans. 87, 2307 (1991). 
6J. J. Russell, J. A. Seetula, D. Gutman, F. Danis, F. Caralp, P. D. 

Lightfoot, R. Leslaux, C. F. Melius, and S. M. Senkan, J. Phys. Chern. 
94, 3277 (1990). 

7R. Cooper, J. B. Cumming, S. Gordon, and W. A. Mulac, Rad. Phys. 
Chern. 16, 169 (1980). 
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CF30 ~ COF2 + F and 

CFxCIa-xO ~ COFxCI2- x+ CI 

k/s- 1 Temp./K 

CF30 
5 x 1013 exp( -14300/T) 509-545 
7 x 10-8 298* 

CF2CIO 
~7 x UP -298 
3 x 1013 exp( - 6240/T) 220-300 
2 X 104 298 

CFC/20 
>3 x 104 (6.7 Torr) 253 
3 x 1013 exp( - 5335/T) 220-300 
2 X 104 253 

CCJ;50 
> 1 x lOS (7.5 Torr) 233 
4 x 1013 exp( - 4880/T) 220-300 
3 X 104 233 

Comments 

(a) Reanalysis of previous data concerning the thermal 
decomposition of CF300CF3,5 using RRKM theory. 
The cited values are those at the high-pressure limit. 

(b) Derived from a numerical analysis, using a 33-step 
mechanism, of the reactions following the flash pho
tolysis of CF2CICOCF2CI in the presence of O2. CIO 
radical time-concentration profiles were measured by 
UV absorption and fitted with CF2CIO decomposi
tion rate constants > 5 x 105 S -I. 

(c) Calculated using the MNDO/CI method. These are 
the high-pressure limiting values. 

(d) Photolysis of Ch-02-CHCh (or CHFCh)-NO mix
tures with MS detection of N02 :lno, fOT the CHCb 
system, COCh. The number of N02 molecules pro
duced per CI atom formed from the photolysis of Ch 
was measured as a function of the NO concentration. 
The CFChO and CChO radical decompositon rates 
were then derived relative to the rate constants for 
their reactions with NO. Use of rate constants of 

Reference Comments 

Batt el al., 19861 (a) 

Carr, Peterson, and Smith, 19862 (b) 
Rayez et al., 19873 (c) 

Lcsclnux, Dognon, nnd Cnrnlp, 19874 (d) 
Rayez et al., 19873 (c) 

Lesclaux, Dognon, and Caralp, 19873 (d) 
Rayez eJ al., 19873 (c) 

k(CF2CIO + NO) = k(CChO + NO) = 1.0 X 10- 11 

cm3 molecule- I s-I 3 lead to the cited lower limits to 
the CFCh and CChO decomposition rate constants. 

Preferred Values 

CF30 
k < 10-5 S-I at 298 K. 
CF2ClO and CFCl20 
k = 7 X 105 S-1 at 298 K. 
k = 3 x 1013 exp( - 5250/T) s -lover the temperature 

range 220-300 K. 
CCl30 
k = 8 X 106 S-1 at 298 K. 
k = 4 X 1013 exp( - 4600/T) S-I over the temperature 

range 220-330 K. 

Reliability 
CF2CIO, CFCl20 and CCl30 
Alog k = ± 1.0 at 298 K. 
A(E/R) = ± 1000 K. 
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Comments on Preferred Values 
The tentatively preferred values for the CF2CIO, 

CFChO and CChO radicals are based on a combination 
of the experimental data2

,4 and the calculations of Rayez 
et al.,3 with wide uncertainty limits. The upper limit to the 
decomposition rate for the CF30 radical at 29H K is based 
on the data of Batt et al. l The experimental observations 
that F atom elimination from CFxCh-xO (x = 1-3) radi
cals is slow and that CI atom elimination from CFxCh-xO 
(x = 0-2) radicals is rapid is supported by the molecular 
orbital calculations of Rayez et al.3

•
6 and Li and Fran

cisco.7 Thus, the CI atom eliminations of CF2CIO, 
CFChO and CChO radicals are expected to occur rapidly 
even at stratospheric temperatures and competing path
ways need not be considered in the atmospheric oxida
tion of chlorofluoromethanes. 

References 

lL. Batt, M. MacKay, I. A. B. Reid, and P. Steward, Presented at 9th 
International Symposium on Gas Kinetics, University of Bordeaux, 
Bordeaux, France, July 20-25, 1986. 

2R. W. Carr, Jr., D. G. Peterson, and F. K. Smith, J. Phys. Chem. 90, 607 
(1986). 

3J. C. Rayez, M. T. Rayez, P. Halvick, B. Duguay, R. Lesclaux, and J. 
J. Dannenberg, Chern. Phys. 116,203 (1987). 

4R. Lesclaux, A. M. Dognon, and F. Caralp, J. Photochem. Photobiol., 
A: Chemistry 41, -I (1987). 

5L. Batt and R. Walsh, Int. J. Chern_ Kinet. 14, 933 (1982). 
6J. C. Rayez, M. T. Rayez, P. Halvick, B. Duguay, and J. J. Dannenberg, 
Chern. Phys. 118, 265 (1987). 

7Z. Li and J. S. Francisco, J. Am. Chem. Soc. 111,5660 (1989). 

R02 + NO ~ RO + N02 

(R = CF3, CF2CI, CFCI2, CCb) 

Rate coefficient data 

k/cm3 rnolecule- 1 S-1 Ternp./K Reference Comments 

Absolute Rate Coefficients 
R = CF3 

(1.78 ± 0.36) x 10- 11 295 Plumb and Ryan, 19821 (a) 
1.45 x 10- 11 (T/298)-(12 ± 02) 230-430 Dognon, Caralp, and LescIaux, 19852 (b) 
(1.45 ± 0.2) x 10- 11 298 

R = CF2Cl 
1.6 x 10- 11 (T/298)-(1.5 ± 04) 230-430 Dognon, Caraip, 'and Lesclaux, 19852 (b) 
(1.6 ± 0.3) x 10- 11 298 

R CFCl2 

(1.6 ± 0.2) x 1O-1l 298 Lesclaux and Caraip, 19843 (c) 
1.45 X lU- ll (TlZ':J'(!,r(l" :!: OZ) 230-43U Uognon, Caralp, and LescJaux, l':J'(!,Sz (b) 
(1.45 ± 0.2) x 10- 11 298 

R = CCl3 

(1.86 ± 0.28) x 10- 11 29'j Ryan and Plumb, 19844 (d) 
1.7 x 10- 11 (T/298)-(10 ± (2) 230-430 Dognon, Caralp, and Lexclaux, 19852 (b) 
(1.7 ±0.2) x 10- 11 298 

Reviews and Evaluations 
R = CF3 

1.6 X 10- 11 (T/300)-1.2 230-430 IUPAC, 19895 (e) 
3.9 x 10- 12 exp[(400 ± 200)/T] 230-430 NASA, 1990/\ (f) 

R = CF2Cl 
1.6 x 10- 11 (T/300)-1 5 230-430 IUPAC, 19895 (e) 
3.1 x 10- 12 exp[(500 ± 200)IT] 230-430 NASA,19906 (f) 

R = CFClz 
1.5 x 10- 11 (T/300) -13 230-430 IUPAC, 19895 (e) 
3.5 x 10-12 exp[(430 ± 200)/T] 230-430 NASA,19906 (f) 

R = CCl3 

1.8 X 10- 11 (T/300)-1 II 230-430 IUPAC, 19895 (e) 
5.7 x 10- 12 exp[(330 ± 200)/T] 230-430 NASA,19906 (f) 
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Comments 

(a) Discharge flow - mass spectrometry system used. 
Rate coefficient independent of pressure over the 
range 1.9-5.1 Torr. 

(b) Pulsed laser photolysis - mass spectrometry system 
used. No significant pressure dependence of the rate 
coefficient over the range 1-10 Torr. 

( c) Pulsed laser photolysis - mass spectrometry system 
used. Measurement made at 2 Torr total pressure. 

(d) Discharge flow - mass spectrometry system used. 
Rate coefficient independent of pressure over the 
range 1.7-5.4 Torr. 

(e) See Comments on Preferred Values. 
(f) Recommendation based on the results of Dognon 

PfaL2 

Preferred Values 

R = CF3 

k = 1.6 X 10- 11 (T/300)-1.2 em3 moleeule- 1 S-1 over 
the temperature range 230-430 K. 

alog k """ ± 0.2 over the temperature range 230·430 K. 

R = CF2CI 
k = 1.6 X 10- 11 (T/300)-15 em3 moleeule- 1 S-1 over 

the temperature range 230-430 K. 
~log k = ± 0.3 over the temperature range 230-430 K. 

R = CFCl2 

k = 1.5 X 10- 11 (T/300)-13 cm3 mo)ecule- 1 S-1 over 
the temperature range 230-430 K. 

alog k = ± 0.2 over the temperature range 230-430 K. 

R = CCl3 

k = 1.8 X 10- 11 (T/300)-l.O cm3 molecule- 1 S-1 over 
the temperature range 230-430 K. 

alog k = ± 0.2 over the temperature range 230-430 K. 

Air = -105 kJ'mol- 1 

Comments on Pre/erred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.5 

R = CF3 
The preferred values are based on the temperature de

pendent data of Dognon et al.2 and the 298 K value of 
Plumb and Ryan.1 

R = CF2CI 
The preferred values are given by the expression of 

Dognon et al.2 

R = CFCl2 

The preferred values are based on the temperature de
pendent data of Dognon pt al.2 The~e data ~llper~ede the 
previous result of Lesclaux and Caralp.3 

R = CCiJ 
The preferred values are based on the temperature de-

pendent data of Dognon et al.,2 and the 298 K value of 
Ryan and Plumb.4 

The temperature dependence expressions are given in 
the form favored by Dognon et al.,2 which best describe 
the measured data. If Arrhenius expressions are re
quired, then the expressions recommended in NASA 
19906 should be employed. In view of the consistent ob
servation of pressure independence, it seems unlikely 
that RON02 is produced as a product. Dognon et al.2 

measured quantum yields for N02 greater than unity for 
all the ROz radicals suggesting that the R02 + NO reac
tions form RO and N02 exclusively, with additional N02 

produced from secondary chemistry. 

References 

11. C. Plumb and K. R. Ryan, Chern. Phys. Lett. 92,236 (1982). 
2A. M. Dognon, F. Caralp and R. Lesclaux, J. Chim. Phys. 82, 349 

(1985). 
3R. Lesclaux and F. Caralp, Int. J. Chern. Kinet. 16, 1117 (1984). 
4K. R. Ryan and I. C. Plumb, Int. J. Chern. Kinct. 16,591 (1984). 
5IUPAC, Supplement III, 1989 (see references in Introduction). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 

Low-pressure rate coefficients 

ko/cm3 molecule -1 S-I 

Absolute Rate Coefficients 
(2.7 ± 0.8) x 10-29(T/298)-47 [02] 

Reviews and Evaluations 
2.7 x 1O-29(T/300)-5 [N2] 
2.2 x 1O-29(TI300)-5 [air] 
3.0 x 1O-29(T/298)-64 [N2] 

Temp./K 

233-373 

20~300 

20~300 

233-373 

Rate coefficient data 

Reference 

Caralp e/ al., 19881 

IUPAC, 19892 

NASA, 19903 

Destriau and Troe, 19904 

Comments 

(a) 

(b) 
(c) 
(d) 
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Comments 

(a) Pulsed laser photolysis with time-resolved MS. Falloff 
CUlVes measured over the pressure range 1-10 Torr 
and extrapolated using Fe = exp( - T/416). Increas
ing width of falloff CUlVe was included via the use of 
N from reference 5. 

(b) Based on data of Ref. 1. 
(c) Based on data of Ref. 1 using Fc = 0.6. 
(d) Theoretical analysis of the falloff CUlVe of Ref. 1. The 

fit was based on kCTJ = 7.5 X 10- 12 cm3 molecule- I 

s -I, similar to the value for the reactions CCb02 + 
N02 --+ CCb02N02 and CChF02 + N02 --+ 

CChF02N02. A value of Fc = 0.28 at 298 K was cal
culated and used for the falloff extrapolation. 

Preferred Values 

kn = 4.5 X 10-29(TI300)-64 [N2] cm3 molecule- 1 S-1 

over the temperature range 220-300 K. 

Reliability 
Alog ko = ± 0.3 at 300 K. 
Iln = ±1. 

Comments on Preferred Values 
The preferred values correspond to the theoretical 

analysis of Ref. 4, which was based on the experiments of 
Ref. 1. A value of Fe = 0.28 at 300 K was calculated and 
used. In contrast to Ref. 4, however, an adjustment of 
Woo to the value of 103.6 kJ'mol- 1 was made in order to 
meet the trend for other CX30 2N02 (X = CI, F) which 
were investigated in Ref. 6. This modifies the ko values in 
the indicated way. The falloff curves correspond to Fc = 
0.28 at 220-300 K. 

High-pressure rate coefficients 

Rate coefficient data 

k,~Jcrn3 rnolecule- 1 S-1 Ternp./K 

Absolute Rate Coefficients 
8.9 x 1O- 12(T/300)-(072 ± (3) 233-373 

Reviews and Evaluations 
9.2 x 1O- 12(T/300)-07 200-300 
6.0 x 1O- 12(T/300)-2.5 200-300 
7.5 X 10- 12 233-373 

Comments 

(a)- (d) See comment (a)- (d) for ko• 

Preferred Values 

krx> = 7.5 X 10-12 cm3 molecule- 1 s-1, independent of 
temperature over the range 200-300 K. ' 

Reliability 
Alog kaJ 

300K. 
± 0.5 over the temperature range 200-

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Caralp et al., 19881 (a) 

IUPAC, 19893 (b) 
NASA, 19904 (c) 
Destriau and Troe, 199<P (d) 

Comments on Preferred Values 
See comment to ko• Because the measurements were 

made at low pressures only, the extrapolation to krr. re
mains fairly uncertain. Fe was calculated4 to be close to 
0.28 over the temperature range 220-300 K. 

References 

IF. Caralp, R. Lesclaux, M. T. Rayez, 1. C. Rayez, and W. Forst, 1. 
Cht::m. SUl:. F,u-auay Tnms. 2, 84, 569 (1988). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9. 1990 (see references in Introduction). 
4M. Destriau and J. Troe, Int. J. Chern. Kinet. 22, 915 (1990). 
51. Troe, J. Phys. Chern. 83, 114 (1979). 
tiD. Koppenkastrop and F. Zabel, Int. J. Chern. Kinet. 23, 1 (1991). 
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Low-pressure rate coefficients 

Rate coefficient data 

kO/s- 1 

Reviews and Evaluations 
5 X 1O-1(T/3oo)-6 x 
exp( -12460/T) [N21 

Temp./K 

233-373 

Comments 

(a) Based on measurements of the reverse reaction2 and 
calculated equilibrium constants with AlIoo = 103.6 
kJ'mol- 1

, adjusted to meet the extrapolated value of 
Ref. 3. Fe = 0.28 calculated l for 220-300 K. 

Preferred Values 

ko = 3.6 X 10- 19 [N2] S-1 at 298 K. 
ko = 5 X 10-1(T/300)-6 exp( -12460/T)[N2] S-1 over 

the temperature range 233-373 K. 

Reference 

Dcstriau and Troe, 19901 

Reliability 

.6.1og ko == ± 0.4 at 300 K. 

.6.(E/R) == ±500 K. 

Comments on Preferred Values 

Comments 

(a) 

See Comment (a) for k(). Direct measurements of the 
dissociation rate are required together with measure
ments over a wider pressure range. Fe = 0.28 is used for 
falloff CUlVes over the range 220-300 K. 

High-pressure rate coefficients 

Rate coefficients data 

Reviews and Evaluations 
8.3 x 1016(T /300)04 x 
exp( - 12460/T) 

Comments 

( a) See comment ( a) for ko. 

Preferred Values 

ka> = 5.6 X 10-2 S-1 at 298 K. 

Temp./K 

233-373 

k<TJ = 1.2 X 1017 exp( -12580/T) S-1 over the tempera
ture range 233-373 K. 

Reliability 
.6.log k <TJ ± 0.5 at 298 K . 
.6.(E/R) == ±500 K. 

Reference 

Destriau and Troe, 19901 

Comments on Preferred Values 
See comments on ko• 

References 

Comments 

(a) 

1M. Destriau and J. Troe, Int. J. Chern. }(jnet. 22, 915 (1990). 
2F. Caralp. R. Lesc1aux. M. T. Rayez. and W. Forst,.T. C.hern. Soc. Fara
day Trans. 2, 84, 569 (1988). 

3D. Koppenkastrop and F. Zabel, Int. J. Chern. Kinet. 23, 1 (1991). 
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M/O = -98 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

koIcm3 molecule -I S-I 

Absolute Rate Coefficients 
(3.5 ± 1.8) x 10-29 [02] 

(5 ± 1) x 1O- 29(T/298)-62 [02] 

Reviews and Evaluations 
4.0 x 1O- 29(T/298)-s.1 [02] 
4.0 x 1O- 29(T/300)-S [N2] 

1.4 x 1O- 2H(T/300)-6.4 [N2] 

Comments 

Temp./K 

298 
248-324 

233-373 
200-300 
200-300 

(a) CF2CI02 radicals were generated by flash photolysis 
of CF2CIBr in the presence of O2 and detected by 
MS. ko values were measured over the pressure range 
1-10 Torr and extrapolated with Fe = 0.6. 

(b) See comment (a). The analysis includes dissociation 
data from reference 6. Fe = 0.78 exp( - T /569) was 
used for extrapolation. 

(c) Interpolated values from measurements in the series 
of CX302 + N02 + M with X = CI, F. 

(d) Based on Ref. 3. 
(e) Theoretical analysis of dissociation data from Kop

penkastrop and Zabel,6 converted by calculated equi
librium constants. Falloff extrapolations based on an 
estimated value of koo = 7.5 X 10- 12 cm3 molecule- 1 

S-1 and Fe = 0.26 (independent of temperature over 
the range 220-300 K). 

Reference 

Moore and Carr, 19901 

Wu and Carr, 199J2 

Caralp et 01., 19883 

IUPAC, 19894 

Destriau and Troe, 1990S 

Preferred Values 

Comments 

(a) 
(b) 

(c) 
(d) 
(e) 

ko = 1.4 X 10-28(T/300)-6.4 [N2] cm3 molecule- 1 S-1 

over the temperature range 200-300 K. 

Reliability 
dlog ko = ± 0.5 at 300 K. 
An = ±2. 

Comments on Preferred Values 
The preferred values are from Ref. 5. They are consis

tent with data for the reactions CCh02 + N02 and 
CChF02 + N02• These values are sensitive to the chosen 
value of Fe, for which a value of 0.26 was calculatedS over 
the range 220-300 K. The values from Ref. 2 are lower in 
part because of a larger value of Fe. 

High-pressure rate coefficients 

Absolute Rate Coefficients 
5.2 x 10- 12 

4.5 X 1O- 12(T/298)-2S 

Reviews and Evaluations 
1.0 x 10-1l(T/300)-II66 
1.0 X 1O- 1l(T/300)-07 
7.5 X 10-12 

Temp./K 

298 
248-324 

233-373 
200-300 
200-300 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Rate coefficient data 

Reference 

Moore and Carr, 19901 

Wu and Carr, 19912 

Caralp et al., 19883 

IUPAC, 19894 

Destriau and Troe, 1990S 

Comments 

(a) 
(b) 

(c) 
(d) 
(e) 



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 1491 

Comments 

(a) - (e) See comments (a) - (e) for ko. 

Preferred Values 

krr; = 7.5 X 10-12 cm3 molecule- 1 S-1, independent of 
temperature over the range 200-300 K. 

Reliability 
~log krr; 

300K. 
± 0.3 over the temperature range 200-

AIr = 98 kJ'mol- 1 

Comments on Preferred Values 
The preferred values are from the fit in Ref. 5 using 

identical krr; values for all CX30 2 + N02 reactions (X = 
F, CI) independent of the temperature. The large nega
tive temperature coefficient of krr; reported in Ref. 2 ap
pears to be an artifact from the falloff extrapolations 
used. 

References 

IS. M. Moore and R. W. Carr, J. Phys. Chern. 94, 1393 (1990). 
zF. Wu and R. W. Carr, Jnt. J. Chern. Kinet. 23, 701 (1991). 
3F. Caralp, R. Lcsc1aux, M. T. Rayez, J. C. Rayez, and W. Forst, J. 
Chern. Soc. Faraday Trans. 2,84,569 (1988). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
5M. Destriau and J. Troe, Jnt. J. Chern. Kinet. 22, 915 (1990). 
60. Koppenlcastrop and F. ZahC\l, Int. 1. Chern. Kinet 23, 1 (1991). 

Low-pressure rate coefficients 

Rate coefficient data 

kols- 1 Temp./K 

Absolute Rate Coefficients 
1.8 x to- 3 exp( -to500/T) [Nz] 260-300 
9.0 x 10- 19 [Nzl 298 

Reviews and Evaluations 
5.6 x to- 4exp( -9310/T) [Nz] 260-290 
1.5 x to- 17 [Nz] 298 

Comments 

(a) Thermal decomposition of CF2CI02N02 in a temper
ature controlled 420 liter reaction chamber. The re
actant was monitored in situ by long-path IR 
absorption. N2 pressures from 10 to 800 mbar were 
employed. Falloff extrapolations were made with 
theoretical values of Fe = 0.30 at 280 K. 

(b) Based on preliminary data from Ref. 1, apparently 
quoted erroneously and to be disregarded. 

Preferred Values 

ko = 9.0 X 10-19 [N2] S-1 at 298 K. 
ko = 1.8 X 10-3 exp( -10S00/T) [N2] S-1 over the tem

perature range 260-300 K. 

Reference 

K6ppenkastrop and Zabel, 19911 

IUPAC, 1990z 

Reliability 
Alog ko =- :!: 0.3 at 300 K. 
f:.(E/R) = ±SOO K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 

The experiments of Ref. 1 are preferred here. The cal
culations of Fe (0.3 at 280 K from Ref. 1 and 0.26 over the 
range 250-300 K from Ref. 2) agree. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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k'6J/s- 1 

Absolute Rate Coefficients 
1.6 x 1016 exp( -1199OIT) 

Reviews and Evaluations 
1.0 X 1016 exp( - 11880IT) 
4.9 X 10-2 

Comments 

(a) See comment (a) for ko• 

ATKINSON ET AL 

High-pressure rate coefficients 

Temp./K 

260-300 

260-290 
298 

Rate coefficient data 

Reference 

Koppenkastrop and Zabel, 19911 

IUPAC, 19893 

Comments on Preferred Values 
See comments on ko• 

(b) Based on preliminary data from Ref. 1. References 

Comments 

(a) 

(b) 

Preferred Values 

krr> = 5.4 X 10-2 S-1 at 298 K. 

1D. Koppenkastrop and F. Zabel, Int. 1. Chern. Kinet. 23, 1 (1991). 
2M. Destriau and J. Troc, Int. J. Chern. Kinet. 22, 915 (1990). 
3IlJPAC, SlIpplement HT, 19R9 (see references in Introdllction). 

krr> = 1.6 X 1016 exp( -11990/T) 5- 1 over the tempera
ture range 260-300 K. 

Reliability 
~log kcc 
~(E/R) 

± 0.3 at 298 K. 
±500 K. 

air = -96 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

koIcm3 molecule -1 S-1 Temp./K Reference 

Absolute Rate Coefficients 
(3.5 ± 0.5) x 10- 29 [O?] 298 Lesclaux and Caralp, 19841 

(3.5 ± 0.5) X 1O-29(T 1298) -41 [02] 233-373 Lesclaux, Caralp, and Dognon, 19862 

(5.5 ± 1.6) x 1O- 29(T/298)-S5 [02] 233-373 Caralp et 01., 19883 

Reviews and Evaluations 
5.5 x 1O-29(TI300)-S [N2] 200-300 IUPAC, 19894 

3.5 x 1O- 29(T/300)-5 [air] 200-300 NASA,199OS 
1.7 x 1O-2K(T/298)-6.7 [N2] 233-373 Destriau and Troe, 19906 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Comments 

(a) 
(b) 
(c) 

(d) 
(e) 
(f) 
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Comments 

(a) Pulsed laser photolysis system with MS detection of 
CFCh02 over the pressure range 1-10 Torr. 

(b) Falloff extrapolation using Fe = 0.6. 
(c) Falloff extrapolation using Fe = exp( - T 1342). 
(d) Based on results from Refs. 1-3. 
(e) Based on the data of Ref. 3 using Fe = 0.6. 
(f) Theoretical analysis of the recombination data at 

298 K from Ref. 3 and the dissociation data at 273 K 
from Ref. 7. Falloff curves constructed with Fe 
0.23 over the range 230-300 K. 

Preferred Values 

ko = 1.7 x 10-ZIS(TI300rIi7 [N2] cm"' molecule- I 
S-I 

over the temperature range 230-300 K. 

Reliability 
dlog ko = ± 0.3 at 300 K. 
till, = ±2. 

Comments from Preferred Values 
The preferred values are from the analysis of Ref. 6 on 

the basis of Fe = 0.23. The falloff data from Ref. 3 show 
some anomalies for T = 233 K. The best fit is obtained 
for 298 K. 

High-pressure rate coefficients 

Rate coefficients data 

k",/cm3 rnolecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
(6.0 :t 1.0) x 10- 12 298 
(5.9 ± 1.0) x 10- 12(T/298)-()72 233-373 
(8.3 ± 1) x 1O- 12(T/298)-OM 233-373 

Reviews and Evaluations 
8.3 x 1O- 12(T/300)-07 200-300 
6.0 x 1O- 12(T/300)-25 200-300 
7.5 x 10- 12 233-373 

Comments 

(a) - (c) See comments (a) - (c) for ko• 
(d) Based on Refs. 1-3. 
(e) See comment (e) for ko• 
(f) See comment (f) for ko. Identical values of ka: were 

chosen for all of the CX30 2 + N02 reaction systems 
(X = F, CI). 

Preferred Values 

krx; = 7.5 X 10- 12 cm3 molecule- 1 
S-I, independent of 

temperature over the range 250-300 K. 

Reliability 
lllog kco 

300K. 
± 0.3 over the temperature range 250-

Reference 

Lesclaux and Caralp, 19841 

Lesclaux, Caralp, and Dognon, 19862 

Caralp et al., 19883 

IUPAC, 19894 

NASA,19905 
Destriau and Troe, 19906 

Comments on Preferred Values 
See comments on ko• 

References 

Comments 

(a) 
(b) 
(a,c) 

(d) 
(e) 
(t) 

IR. Lesclaux and F. Caralp, Int. J. Chern. Kinet. 16, 1117 (1984). 
2R. Lesclaux, F. Caralp, and A. M. Dognon, Geophys. Res. Lett. 13,933 
(1986). 

3F. Caralp, R. Lesclaux, M. T. Rayez, J. C. Rayez, and W. Forst, J. 
Chern. Soc. Faraday Trans. 2, 84, 569 (1988). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
sNASA Evaluation No.9, 1990 (see references in Introduction). 
flM. Destriau and J. Troe, Int. J. Chern. Kinet. 22, 915 (1990). 
7D. Koppenkastrop and F. Zabel, Int. J. Chern. Kinet. 23, 1 (1991). 
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M[0 = 96 kJ'mol- 1 

kols- 1 

Absolute Rate Coefficients 
1.01 x 10-2 exp( -10860/T) [N2] 

1.5 x lO-I/1 [N2] 

Reviews and Evaluations 
3.0 x 10-3 exp( -10570/T) [N2] 

1.2 x lO-I/1 [N2] 

Comments 

ATKINSON ET At. 

Low-pressure rate coefficients 

Temp./K 

260-300 
298 

270-290 
298 

Rate coefficient data 

Reference 

Koppenkastrop and Zabel, 19911 

IUPAC, 19892 

Reliability 
~log ko= ± 0.3 at 298 K. 
~(E/R) = ±500 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(a) Thermal decomposition of CFChOzNOz in a temper
ature-controlled 420 liter reaction chamber. The re
actant was monitored in situ by long-path IR 
absorption. Nz pressures from 10 to 800 mbar were 
employed. The data were extrapolated to the low
and high-pressure limits using Fe = 0.28. 

The experiments of Ref. 1 are recommended. The cal
culation of Fe = 0.28 is consistent with the analysis of 
Ref. 4 leading to Fe = 0.23. 

(b) Based on preliminary results from Ref. 3. 

Preferred Values 

ko = 1.5 X 10-18 [Nz] S-I at 298 K. 
ko = 1.0 X 10-2 exp( -10860/T) [N2] S-1 over the tem

perature range 250-300 K. 

High-pressure rate coefficients 

Rate coefficient data 

k",,/S-I Temp./K Reference 

Absolute Rate Coefficients 
4.0 x lOI6 exp( -123OO/T) 274-305 Simonaitis, Glavas, and Heicklen, 197~ 
4.7 x lO-2 298 
6.6 x 1016 exp( - 12240/T) 260300 Koppenkastrop and Zabel, 1991 1 

9.6 x 10-2 298 

Reviews and Evaluations 
2.1 x lO16 exp( -11980/T) 270-290 IUPAC, 19899 

7.3 X lO-2 298 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Comments 

(a) 

(b) 

(c) 
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Comments 

(a) Steady-state photolysis of Ch-CHFCh-Oz-NO-NOz 
mixtures at 1 atm. Simulation of the mechanism was 
dependent on various Cl-consuming reactions, and k 
was assumed to be close to k co. 

(b) See comment (a) for ko• 
(c) See comment (b) for ko• 

Preferred Values 

koo = 9.6 X 10-z S-1 at 298 K. 
koo = 6.6 X 1016 exp( -12240/T) S-1 over the tempera

ture range 250-300 K. 

Reliability 
~log k = ± 0.3 at 298 K. 
tt.(E/R) = ±500 K. 

/lHO = -lU~ kJ'moJ- 1 

Comments on Pre/erred Values 
See comments on ko• The agreement between Refs. 1 

and 5 at 1 atm total pressure (Lllog k = 0.17) appears 
satisfactory. 

References 

ID. Kbppenkastrop and F. Zabel, Int. J. Chern. Kinet. 23, 1 (1991). 
2IUPAC, Supplement III, 1989 (see references in Introduction). 
3F. Zabel, in Proceedings of the International Conference on Photo

chemistry, Budapest, August 1987. 
4M. Destriau and J. Troc, Int. J. Chern. Kinct. 22, 915 (1990). 
5R. Simonaitis, S. Glavas, and J. Heicklen, Gcophys. Res. Lett. 6, 385 

(1979). 

Low-pressure rate coefficients 

Rate coefficient data 

ku/cm 3 molecule - 1 S-l Temp./K 

Absolute Rate Coefficients 
(9.2 :t 3) x 1O-29(TI298)-6U [02] 233-373 

Reviews and Evaluations 
9.2 x 1O-29(TI300)-6 [Nz] 200-300 
5.0 x 1O-29(T/300)-5 [air] 200-300 
3.2 X 1O-ZK(T/298)-77 [Nz] 230-373 

Comments 

(a) Pulsed laser photolysis system used with time-re
solved MS. The falloff curve was measured over the 
pressure range 1-10 Torr, and extrapolated using Fe 

exp( - T /260). 
(b) Based on reference 1 using Fe = 0.32 at 300 K. 
(c) Based on reference 1 using Fe = 0.6. 
(d) Theoretical analysis of recombination experiments at 

298 and 373 K from reference 1 and dissociation rate 
data at 273 K from reference 5. Falloff curves were 
constructed using Fe = 0.21. 

Preferred Values 

ko = 3.2 X 10- 28(T/300)-77 [N2] cm3 molecule- 1 S-1 

over the temperature range 230-300 K. 

Reference 

Caralp et al., 19881 

IUPAC, 19892 

NASA,19903 

Destriau and Troc, 19904 

Reliability 
i110g ko = ± 0_5 at 300 K_ 
an = ±3. 

Comments on Pre/erred Values 

Comments 

(a) 

(b) 
(c) 
(d) 

The preferred values are from the theoretical analysis 
of reference 4. The experimental data from reference 1 
for T = 233 K are apparently inconsistent with this anal
ysis. Fc = 0.21 is used for falloff extrapolations. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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High-pressure rate coefficients 

Rate coefficient data 

k<7>/cm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
1.49 X lO-11(T/298)-03 233-373 

Reviews and Evaluations 
1.5 x 10- 11(T/300)-03 200-300 
6.0 x lO-12(T/300)-25 200-300 
7.5 X 10- 12 233-373 

Comments 

(a)- (d) See comments (a)- (d) for ko• 

Preferred Values 

k«J = 7.5 X 10- 12 cm3 molecule- 1 S-I, independent of 
temperature over the range 250-300 K. 

Reliability 
~log kco 

300K. 
± 0.3 over the temperature range 250-

Ml O = 108 kJ'mol- 1 

Reference Comments 

Caralp et al., 19881 (a) 

IUPAC, 19892 (b) 
NASA,19903 (c) 
Destriau and Troe, 19904 (d) 

Comments on Preferred Values 
The value of k~ in Ref. 4 was chosen to be identical for 

all reactions CX30z + N02 + M (X = F, CI), which 
leads to a consistent set of falloff curves. 

References 

IF. Caralp, R. Lcsclaux, M. T. Rayez, J. C. Rayez, and W. Forst, J. 
Chern. Soc. Faraday Trans. 2. 84. 569 (1988). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
4M. Destriau and J. Troe, Int. J. Chern. Kinet. 22, 915 (1990). 
5D. Koppcnkastrop and F. Zabel, Int. J. Chern. Kinet. 23, 1 (1991). 

Low-pressure rate coefficients 

Rate coefficient data 

kO/s- 1 Temp./K 

Absolute Rate Coefficients 
0.3 x lU- J exp( -lU235IT) [N2] 2bU-3UU 
7.6 x lO-I8 [Nz] 298 

Reviews and Evaluations 
.5.6 x 10-04 exp(-931O/T) [Nz] 260-300 
1.5 x lO-17 [Nz] 298 

Comments 

(a) Thermal decomposition of CCh02N02 in a tempera
ture-controlled 420 liter reaction chamber. The reac
tant was monitored in situ by long-path IR 
absorption. N2 pressures from 10 to 800 mbar were 
employed. The data were extrapolated to the low and 
high-pressure limits using Fe = 0.22. 

(b) Based on preliminary experiments from Ref. 3. Fe = 
0.20 was employed in the falloff extrapolation. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Koppenkastrop and Zabel, l~~ll (a) 

IUPAC, 19892 (b) 

Preferred Values 

ko = 7.6 X 10- 18 [N2] S-I at 298 K. 
ko = 6.3 X 10-3 exp( -10235/T) [N2] S-l over the tem

perature range 250-300 K. 

Reliability 
~log ko = ± 0.3 at 298 K. 
~(E/R) = ±500 K. 
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Comments on Preferred Values 
The experimental data of Ref. 1 are recommended. 

The calculation of Fe = 0.22 is consistent with the analy-

sis of Ref. 4, which gave Fe = 0.20 with only a weak tem
perature dependence. 

High-pressure rate coefficients 

Rate coefficient data 

k .. /s- 1 Temp./K 

Absolute Rate Coefficients 
1.42 x 1016 exp( -11500/T) 268-298 
0.24 298 
4.8 x 1016 exp( - 11820/T) 260-100 

0.29 298 

Reviews and Evaluations 
9.1 )( 1014 exp( -10820/T) 1()()-:~OO 

0.16 298 

Comments 

(a) Steady-state photolysis of Clz-CHCh-0z-N2-NO-N02 

mixtures at 1 atm. NO was monitored continuously 
using the chemiluminescent reaction between NO 
and 0 3• In the same experiments, product formation 
was monitored by IR spectroscopy. A value of 2.5 was 
employed for the ratio of the rate coefficients for the 
reactions CI + NOz + M ~ CINOz + M and CI + 
NO + M ~ CINO + M. The measured rate coeffi
cients were assumed to be close to k oc. 

(b) See comment (a) for ko• 
(c) See comment (b) for ko• 

Preferred Values 

koc = 0.29 S-l at 298 K. 
ka. = 4.8 X 1016 exp( -11820/T) S-1 over the tempera

ture range 250-300 K. 

Reference 

Simonaitis and Heicklen, 19795 

Koppl'nb"trnp :mrl Zahel, 1991 1 

nJPA~, 19R92 

Reliability 
dlog k = ± 0.3 at 298 K. 
d(E/R) = ±500 K. 

Comments on Prefe/Ted Values 

Comments 

(a) 

(h) 

(c) 

See comments on k(). The agreement between Refs. 1 
and 5 for 1 atm total pressure (dlog k = 0.11) appears 
satisfactory . 

References 

ID. Koppenkastrop and F. Zabel, Int. J. Chern. Kinet. 23, 1 (1991). 
2IUPAC, Supplement III, 1989 (see references in Introduction). 
3F. Zabel, in Proceedings of the International Conference on Photo

chemistry, Budapest, August 1987. 
4M. Destriau and J. Troe, Int. J. Chern. Kinet. 22, 915 (1990). 
5R. Simonaitis and J. Heicklen, Chern. Phys. Lett. 62, 473 (1979); 68, 

245 (1979). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Rate coefficient data 

k/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 
<3 x 10-20 

Reviews and Evaluations 
<5 x 10-20 

Temp./K 

296 

298 

Comments 

(a) Decay of 0 3 (at initial concentrations of :52.4 x 1013 
molecule cm 3

) measured in the presence of excess 
C2HCh in one atmosphere of air, using a chemilu
minescence analyzer to monitor 0 3• 

(b) See Comments on Preferred Values. 

Preferred Values 

k < 5 X 10-20 cm3 molecule- 1 S-1 at 298 K. 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.2 The upper limit to the preferred 

Reference Comments 

Atkinson et al., 19821 (a) 

IUPAC, 19892 (b) 

value is taken from the data of Atkinson et al.,I with the 
upper limit being increased by a factor of - 2 to take into 
account additional uncertainties in the study of Atkinson 
et at. 1 This upper limit is consistent with the reported 
data for the reactions of 0 3 with the chloroethenes,3 
which show that CI atom substitution markedly decreases 
the rate' coefficients at room temperature, relative to that 
for ethene. 

References 

lR. Atkinson, S. M. Aschmann, D. R. Fitz, A. M. Winer, and J. N. Pitts, 
Jr., Int. J. Chcm. Kinet. 14, 13 (1982). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3R. Atkinson and W. P. L. Carter, Chcm. Rev. 84,437 (1984). 

Rate coefficient data 

Absolute Rate Coefficients 
<2 x 10-23 

Reviews and Evaluations 
< 10- 21 

comments 

Temp./K 

297 

298 

(a) Derived from experiments carried out at initial 0 3 

and C2C14 concentrations of ;-z 1017 molecule cm -3 in 
the presence of excess O2, using an assumed mecha
nism and monitoring the formation rate of COCh. 
From the data given in Mathias et al., 1 a more conser
vative upper limit of k :5 8 X 10-23 cm3 molecu]e- 1 

S-1 can be derived by assuming that only one COCh 
molecule is formed per C2Cl4 reacting. 

(b) See Comments on Preferred Values. 

Preferred Values 

k < 10-21 cm3 molecule- 1 S-1 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Mathias et al., 19741 (a) 

IUPAC, 19892 (b) 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.2 The upper limit to the preferred 
value is derived from the very limited amount of data re
ported by Mathias et ai., 1 with the upper limit to the rate 
coefficient being increased by a factor of 50 over that re
ported [see also comment (a) above]. This upper limit to 
the rate coefficient for C2Cl4 is consistent with the kinetic 

,data for the other chloroethenes,3 which show that C) 
atom substitution markedly decreases the reactivity of the 
chloroethenes towards 0 3, compared to that for ethene. 

References 

IE. Mathias, E. Sanhueza, I. C. Hisatsune, and J. Heicklcn, Can. J. 
Chern. 52, 3852 (1974). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3R. Atkinson and W. P. L. Carter, Chern. Rev. 84, 437 (1984). 
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HCI + hv ~ products 

Primary photochemical processes 

Reaction alfD/kJ'mol- 1 

HCI + hv ~ H + Cl 432 277 

Preferred Values Comments on Preferred Values 

Absorption cross-sections for HCI photolysis at 298 K 
The preferred values of the absorption cross-sections 

at 298 K are those reported by Inn.1 Photolysis is ex
pected to occur with unit quantum efficiency. 

A/nm 1021) a/em'l 

140 211 
145 281 
150 345 
155 382 
160 332 
165 248 
170 163 

175 109 

Reaction 

HOCI + h v ~ HO + Cl 
~ HCl + 0 

A/nm 

180 
185 
190 
195 
200 
205 
210 
215 
220 

Preferred Values 

(1) 
(2) 

1020 a/em'l 
Reference 

58.8 
31.3 

IE. C. Y. Inn, J. Atmos. Sci. 32, 2375 (1975). 

14.5 
6.18 
2.56 
0.983 
0~9S 

0.137 
0.048 

HOCI + hv ~ products 

Primary photochemical processes 

AlfD/kJ'mol- 1 

239 
235 

500 
510 

Absorption cross-sections for HOCI photolysis at 298 K 

Quantum Yields for HOCI Photolysis at 298 K 
<PI = 1.0 for A > 200 nm. 

Alnm 1020 a/em2 A/nm 

215 8.71 295 
220 13.26 300 
225 18.95 305 
230 25.33 310 
235 31.48 315 
240 36.48 320 
245 38.89 325 
250 40.49 330 
255 38.54 335 
260 34.11 340 
265 28.34 345 
270 23.61 350 
275 20.63 355 
280 19.18 360 
285 18.26 365 
290 17.38 370 

375 

1O:w a/cm2 

16.12 
14.55 
12.30 
10.43 
8.60 
6.95 
5.54 
4.35 
3.32 
2.48 
1.83 
1.34 
0.92 
0.61 
0.42 
0.27 
0.15 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

at 298 K are the values reported recently by Permien 
et a/. l Earlier results are discussed in our previous evalu
ation, IUPAC, 1989.2 The preferred quantum yield values 
are ,based on the results of Molina et al.3 

References 

IT. Permien, R. Vogt, and R. N. Schindler, in Mechanisms of Gas Phase 
and LIqUId Phase Chemical Transformations in Tropospheric Chemistry, 
R. A. Cox, Ed., Air Pollution Research Report No. 17, Environmental 
Research Program of the CEC, EUR 12035 EN, Brussels, Belgium. 

#. 2IUPAC, Supplement III, 1989 (see references in Introduction). 
3M. J. Molina, T. Ishiwata, and L. T. Molina, J. Phys. Chern. 84, 821 

(1980). 
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Reaction 

OCIO + hv -+ CIO + Oep) (1) 
-+ CIO + OeD) (2) 

Preferred Values 

ATKINSON ET AL 

OCIO + hv ~ products 

Primary photochemical processes 

250 
440 

Comments on Preferred Values 

478 
272 

Absorption cross-sections of OCIO at the band peaks at 204 K, 296 K 
The preferred values of the absorption cross-sections 

at 204 K, 296 K and 378 K are the values reported by 
Wahner et al. 1 The bands became appreciably sharper 
with decreasing temperature. However, the integrated 
band intensities remained constant for all bands between 
204 K and 296 K, and therefore the solar photolysis rate 
is not expected to have a significant temperature depen
dence, Earlier cross-section studies have been discussed 
in our previous evaluation.2 The recommended quantum 
yield is based on results reported by Colussi3 and results 
of results of earlier studies discussed in the review by 
Watson.4 Colussi J in a laser flash photolysis study at 308 
nm determined the quantum yield for a atom production 
to be 1.02 ± 0.05 and the quantum yield for CI atom pro
duction to be < 0.01. Vaida and co-workers5

•
6 reported 

the detection of CI atoms by resonance-enhanced mUlti
photon ionization (REMPI) in the photodecomposition 
of OCIO in the region 360-363 nm. They interpreted this 
as resulting from the photoisomerization of OCIO to 
ClOD followed by dissociation to CI + O2, but did not 
report quantum yields. Lawrence et a/.,7 using a tech
nique involving charge transfer excitation of CI-Xe colli
sion pairs as a sensitive probe of CI atoms, established 
that the quantum yield for CI atom production in the 
359-368 nm region is < 5 X 10-4

, and that therefore this 
process would not significantly perturb the stratospheric 
ozone budget. However, in a very recent study, Bishen
den et al.s report that the quantum yield for Cl atom for
mation near 362 nm is 0.15 ± 0.10; these results are in 
contlict with those reported by Lawrence et al.7 Further 
studies are required to resolve this issue. 

and 378 K 

1020 a/cm2 

Alnm 204 K 296 K 378 K 

475.53 13 
461.15 17 17 16 
446.41 94 69 57 
432.81 220 166 134 
420.58 393 304 250 
408.83 578 479 378 
397.76 821 670 547 
387.37 1046 844 698 
377.44 1212 992 808 
368.30 1365 1136 920 
359.73 1454 1219 984 
351.30 1531 1275 989 
343.44 1507 1230 938 
336.08 1441 1139 864 
329.22 1243 974 746 
322.78 1009 791 628 
317.21 771 618 516 
311.53 542 435 390 
305.99 393 312 291 
300.87 256 219 216 
296.42 190 160 167 
291.77 138 114 130 
287.80 105 86 105 
283.51 89 72 90 
279.64 73 60 79 
275.74 59 46 
272.93 53 33 

Quantum Yields for DCID Photolysis at 298 K 
<Pi 1.0 throughout the wavelength range 270-480 

nm. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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CbO + h v ~ products 

Primary photochemical processes 

Reaction 

CbO + hv - CI + CIO (1) 
- 0 + Cb (2) 
- 0 + 2 CI (3) 

Preferred Values 

Absorption cross-sections for CIzO photolysis at 298 K 

Alum 10211 v/f;m2 A/nm 1020 u/f;m2 

200 71.0 330 8.40 
210 23.8 340 3.58 
220 8.6 350 1.54 

230 28.1 360 0.73 

240 103 370 0.40 
250 191 380 0.36 
260 195 390 0.51 

270 151 400 0.79 
280 126 420 1.26 
290 103 440 1.11 
300 71.0 460 0.63 
310 40.3 480 0.32 
320 19.5 500 0.22 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

at 298 K are the values reported by Knauth et al.! They 
are in excellent agreement with the values reported by 
Molina and Molina,2 except for the 330-400 nm range 
where the values in reference 2 are higher, and they are 
in reasonable agreement with the values reported by Lin.3 

Values for the 150-200 nm wavelength region have re
cently been reported by Nee.4 

Mr/kJ'rnol- J 

142 
168 
410 

840 
710 
292 

Photolysis proceeds predominantly by breaking of the 
CI-O bond to yield CI + CIO. However in the most re
cent study of the products of ChO photolysis, Sander and 
Friedl5 determined the quantum yield for formation of 
oxygen atoms from ChO photolysis to be 0.25 :!: 0.05. In 
these experiments a broad-band photolysis source with a 
spectral distribution extending from the visible down to 
180 nm was used, so that it was not possible to determine 
the wavelength dependence of the quantum yield. 

References 
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4J. B. Nee, J. Quant. Spectrosc. Radiat. Transfer 46, 55 (1991). 
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Cb02 + h v ~ products 

Reaction 

Ch02 + hv - CIO + CIO (1) 
- CI + CIOO (2) 

Primary photochemical processes 

aJ/°/kJ'mol- 1 

74 
89 

1620 
1340 
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Preferred Values 

Absorption cross-sections for Ch02 photolysis at 20~250 K 

Alnm 1()20 alcm2 Alnm 102° alcm2 Alnm lOW alcm2 A/nrn 10211 alcm2 

200 383.5 240 600.3 
2 352.9 2 625.7 
4 325.3 4 639.4 
6 298.6 6 642.6 
8 274.6 8 631.5 

210 251.3 250 609.3 
2 231.7 2 580.1 
4 217.0 4 544.5 
6 207.6 6 505.4 
8 206.1 8 463.1 

220 212.1 260 422.0 
2 227.1 2 381.4 
4 249.4 4 344.6 
6 280.2 6 311.6 
8 319.5 8 283.3 

230 365.0 270 258.4 
2 415.4 2 237.3 
4 467.5 4 218.3 
6 517.5 6 201.6 
8 563.0 8 186.4 

Quantum Yields 
<t>2 = 1.0 throughout this wavelength range. 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

are the values given in the NASA, 1990, evaluation. l They 
are the smoothed average of the results reported by Cox 
and Hayman,2 DeMore and Tschuikow-Roux,3 Permien 
et al.4 and Burkholder et al.s These studies indicate that 
in the recombination reaction, CIO + CIO ~ products, 
the only stable species produced is CIOOCI. The struc
ture of the recombination product has been established 
to be CIOOCI by the study of Birk et al.6 using submil
limeter wave spectroscopy. Theoretical studies7

-
9 of ther

mochemical stabilities of Ch02 isomers are in agreement 
with these observations. The preferred quantum yield 
values are based on results of the study by Molina et al. lo 

in which the production of CI atoms in the laser flash 
photolysis of CIOOCI at 308 nm was directly determined 
by time-resolved atomic resonance fluorescence. These 
results are in agreement with the interpretation of the 
steady-state photolysis experiments of Cox and Hayman.2 

It should be noted that absorption cross section values 
for the longer wavelength region from 360 nm to 400 nm 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

280 172.5 320 25.6 
2 159.6 2 23.4 
4 147.3 4 21.4 
6 136.1 6 19.2 
8 125.2 8 17.8 

290 114.6 330 16.7 
2 104.6 2 15.6 
4 95.4 4 14.4 
6 87.1 6 13.3 
8 79.0 8 13.1 

300 72.2 340 12.1 
2 65.8 2 11.5 
4 59.9 4 10.9 
6 54.1 6 10.1 
8 48.6 8 9.0 

310 43.3 350 8.2 
2 38.5 2 7.9 
4 34.6 4 6.8 
6 30.7 6 6.1 
8 28.0 8 5.8 

360 5.5 

are reported in Refs. 3 and 5. However these values, 
which continue to decrease with increasing wavelength, 
are in poor agreement (factor of 2-3), and no recom
mended absorption cross section values are given for the 
wavelength range 360-400 nm. 
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Reaction 

Ch03 + hv - CIO + octO (1) 
- CI + CI03 (2) 

Preferred Values 

Primary photochemical processes 

62 
212 

Comments on Preferred Values 

1930 
564 

Absorption cross-sections for Ch03 photolysis at 233 K The preferred values of the absorption cross-sections 
at 233 K are the values reported by Hayman and Cox.} 
The mechanism and quantum yield for photodissociation 
have nut been uelennineu. 

A/nm lO211 ulcm2 A/nm 102
(1 ulcm2 

220 1400 280 1380 
225 1420 285 1130 
230 1370 290 890 Reference 
235 1370 295 690 
240 1390 300 550 IG. D. Hayman and R. A. Cox, Chem. Phys. Lett. 155, 1 (1989). 

245 1460 305 390 
250 1590 3lO 280 
255 1720 315 220 
260 1840 320 190 
265 1860 325 170 
270 1790 330 150 
275 1620 335 130 

CINO + h v ~ products 

Primary photochemical processes 

Reaction 

CINO + h v - CI + NO 160 750 

Preferred Values 

Absorption cross-sections for CINO photolysis at 298 K 

A/nm 1020 u/cm2 A/nm 1020 cr/cm2 A/nm 1020 cr/cm2 A/nm 1020 cr/cm2 

190 4320 230 266 270 12.9 310 11.5 
192 5340 232 212 272 12.3 312 11.9 
194 6150 234 164 274 11.8 314 12.2 
196 6480 236 128 276 11.3 316 12.5 
198 6310 238 101 278 lO.7 318 13.0 
200 5860 240 82.5 280 10.6 320 13.4 
202 5250 242 67.2 282 10.2 322 13.6 
204 4540 244 55.1 284 9.99 324 14.0 
206 3840 246 45.2 286 9.84 326 14.3 
208 3210 248 37.7 288 9.71 328 14.6 
210 2630 250 31.7 290 9.64 330 14.7 
212 2180 252 27.4 292 9.63 332 14.9 
214 1760 254 23.7 294 9.69 334 15.1 
216 1400 256 21.3 296 9.71 336 15.3 
218 1110 258 19.0 298 9.89 338 15.3 
220 896 260 17.5 300 10.0 340 15.2 
222 707 262 16.5 302 10.3 342 15.3 
224 552 264 15.3 304 10.5 344 15.1 
226 436 266 14.4 306 10.8 346 15.1 
228 339 268 13.6 308 11.1 348 14.9 

350 14.5 
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Quantum Yields for CINO Photolysis at 298 K 
<f> = 1.0 over the entire wavelength range. 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

at 298 K are the values reported by Tyndall et al .1 Earlier 
results are discussed in NASA, 1990.2 The preferred 
quantum yield values are taken from the review by 
Calvert and pittS.3 

References 

IG. S. Tyndall, K. M. Stedman, W. Schneider, J. P. Burrows, and G. K. 
Moortgat, J. Photochem. 36, 133 (1987). 
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CIONO + hv ~ products 

Reaction 

CIONO + hv - Cl + N02 (1) 
- CIO + NO (2) 

Preferred Values 

Primary photochemical processes 

AlfOlkJ'mol- 1 

98 
136 

Comments on Preferred Values 

1220 
880 

Absorption cross-sections for CIONO photolysis at 231 K 
The preferred values of the absorption cross-sections 

at 231 K are the values reported by Molina and Molina. l 

Photolysis is expected to occur with unit quantum effi
ciency by breaking of the CI-O bond to yield CI + N02. 
The lifetime against photodissociation for CIONO in the 
atmosphere was calculated to 2 to 3 minutes. l 

Mnm lOzll a/em"/. A/nm lO:.!u u/cmz 

235 215.0 320 80.3 
240 176.0 325 75.4 
245 137.0 330 58.7 
250 106.0 335 57.7 Reference 
255 65.0 340 43.7 
260 64.6 345 35.7 lL. T. Molina and M. J. Molina, Gcophys. Res. Lett. 4, 83 (1977). 
265 69.3 350 26.9 
270 90.3 355 22.9 
275 110.0 360 16.1 
280 132.0 365 11.3 
285 144.0 .370 9.0 

290 144.0 375 6.9 
295 142.0 380 4.1 
300 129.0 385 3.3 
305 114.0 390 z..z. 
310 105.0 395 1.5 
315 98.1 400 0.6 
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Reaction 

CIN02 + hv - Cl + N02 (1) 
- CINO + 0 (2) 

Preferred Values 

CIN02 + hv ~ products 

Primary photochemical processes 

AHo/kJ'mol- 1 

142 
288 

Comments on Preferred Values 

840 
415 

Absorption cross-sections for CIN02 photolysis at 298 K 
The preferred values of the absorption cross-sections 

for 190-270 nm are those reported by Illies and Takacs, l 

and for 270-370 nm are those reported by Nelson and 
10hnston.2 The latter authors showed that the higher val
ues above 300 nm reported in reference 1 could be ac
counted for by a 6% Cll impurity in the CINOl sample 
used. Nelson and 10hnston2 determined that photolysis 
occurs with a quantum yield of unity (within experimental 
error) to produce Cl + N02 (<PI = 0.93 ± 0.15). They 
also report a negligible production of oxygen atoms (<1>2 < 
0.02). 

Alnm 102
(J u/cm2 A/nm 

190 2690 290 
200 455 300 

210 339 310 
220 342 320 
230 236 330 
240 140 340 

250 98.5 350 
260 63.7 360 
270 37.2 370 
280 22.3 

Reaction 

CION02 + hv - ClO + N02 (1) 
- CI + N03 (2) 
- CIONO + OCP) (3) 

18.1 
15.5 
12.5 
8.70 
5.58 
3.33 
1.78 
1.14 
0.72 

References 
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CION02 + hv·~ products 

Primary photochemical processes 

112 
163 
282 

1065 
735 
425 
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Preferred Values 

Absorption cross-sections for CION02 photolysis at 296 K, 243 K and 227 K 

1020 rr/cm2 

~/nm 296K 243 K 

190 589 
195 381 
200 307 
205 299 
210 329 
215 360 
220 344 
225 286 
230 210 
235 149 
240 106 
245 77.0 
250 57.7 50.9 
255 44.7 39.1 
21lO 14.6 30.1 
265 26.9 23.1 
270 21.5 18.0 
275 16.1 13.5 
2RO 1L9 9.98 
285 8.80 7.73 
290 6.36 5.36 
295 4.56 3.83 
300 3.30 2.61 
305 2.38 1.89 
310 1.69 1.35 
315 1.23 0.954 
320 0.895 0.681 

Quantum Yields for ClON02 Photolysis 
$2 = 0.90 for A > 260 nm. 
$3 = 0.10 for A > 260 nm. 

Comments on Preferred Values 

227K 

555 
358 
293 
293 
330 
362 
348 
282 
206 
141 
98.5 
70.6 
52.6 
39.8 
30.7 
23.3 
18.3 
13.9 
104 
7.50 
5.45 
3.74 
2.51 
1.80 
1.28 
0.892 
0.630 

The preferred values of the absorption cross-sections 
are the values reported by Molina and Molina.} The pre
ferred quantum yield values are based on the direct re
sults of Margitan.2 They are confirmed by the results of 
Knauth and Schindle~ based on final product analysis. 
and also by the results of Chang et al.4 Burrows et al.s re
port CI + N03 as the photolysis products at 254 nm, with 
a quantum yield of unity. Earlier results are discussed in 
our previous evaluation.6 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

1020 rr/cm2 

~nm 296 K 243 K 227 K 

325 0.655 0.502 0.463 
330 0.514 0.381 0.353 
335 0.397 0.307 0.283 
340 0.323 0.255 0.246 
345 0.285 0.223 0.214 
350 0.246 0.205 0.198 
355 0.218 0.183 0.182 
360 0.208 0.173 0.170 
365 0.179 0.159 0.155 
370 0.162 0.140 0.142 
375 0.139 0.130 0.128 
380 0.122 0.114 0.113 
385 0.108 0.100 0.098 
390 0.090 0.083 0.082 
395 0.077 0.070 0.069 
400 0.064 0.058 0.056 
405 0.055 
410 0.044 
415 0.035 
420 0.027 
425 0.020 
430 0.016 
435 0.013 
440 0.009 
445 0.007 
450 0.005 
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CI2 + h v ~ products 

Primary photochemical processes 

Reaction MfD/kJ'mol- 1 

Ch + h v -+ Cl + CI 242 495 

Preferred Values Comments on Preferred Values 

Absorption cross-sections for CIz photolysis at 298 K 
The preferred values of the absorption cross-sections 

at 298 K are the values reported by Seery and Britton.1 
They are in good agreement with results reported by Gib
son and Bayliss2 and Burkholder and Bair.3 Photolysis is 
expected to occur with unit quantum efficiency. 

Alnrn 10211 u/crn2 A/nrn 

240 0.08 350 
250 0.12 360 
260 0.23 370 
270 0.88 380 
280 2.7 390 
290 6.5 400 
300 12.0 410 
310 18.5 420 
320 23.6 430 
330 25.6 440 
340 23.6 450 

Reaction 

18.9 
13.1 
8.3 
4.9 

References 

3.3 ID. J. Seery and D. Britton, J. Phys. Chern. 68, 2263 (1964). 
1.9 2G. E. Gibson and N. S. Bayliss, Phys. Rev. 44, 188 (1933). 
1.3 3J. B. Burkholder and E. J. Bair, J. Phys. Chern. 87, 1859 (1983). 
0.99 
0.73 
0.53 
0.34 

CH3CI + hv ~ products 

Primary photochemical processes 

MfD/kJ'rnol- 1 

349 343 

Preferred Values 

Absorption cross-sections for CH3CI photolysis at 295 K and 210 K 

10'" u/em? 10?1I IT/~JIl 
., 

A/nm 295 K 210 K Alnrn 295 K 210 K 

174 111 111 200 1.76 1.51 
6 93.8 93.8 2 1.13' 0.93 
8 76.6 76.6 4 0.750 0.573 

180 60.7 60.7 6 0.483 0.345 
2 46.7 46.7 8 0.318 0.212 
4 35.0 35.0 210 0.206 0.130 
6 25.5 25.5 2 0.132 0.080 
8 18.2 18.2 4 0.086 0.047 

190 12.7 12.7 6 0.055 0.027 
2 8.72 8.72 
4 5.88 5.88 
6 4.01 4.01 
8 2.66 2.43 
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Comments on Preferred Values 
The preferred values of the absorption cross-sections 

at 295 K and at 210 K are the values reported by Simon 
et al.1 This publication1 reports the results of the most 
comprehensive study of the temperature dependence. 
These values are in very good agreement with the room 
temperature values reported by Robbins,2 and are in rea
sonable agreement with the results of Hubrich et al.3 who 
also made low temperature measurements. In this wave
length region, photolysis occurs with unit quantum effi-

ciency by breaking of the C-CI bond to yield CH3 + Cl. 
Photochemistry at shorter wavelengths is discussed by 
Shold and Rebbert.4 

References 
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J. Atmos. Chern. 7, 107 (1988). 
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CHFzCI (HCFC-22) + hv -4 products 

Primary photochemical processes 

Reaction MJO/kJ'rnol- 1 

362 330 

Preferred Values Comments on Preferred Values 

Absorption cross-sections for CHF2CI photolysis at 298 K 
The preferred values of the absorption cross-sections 

at 298 K are the values reported by Simon et al. 1 In the 
same study the temperature dependence down to 210 K 
has been reported, with the values at the shorter wave
lengths being temperature-independent while the values 
at longer wavelengths show a decrease as the tempera
ture is lowered. For values at low temperatures the 
reader is referred to the original reference. These results 
are in reasonable agreement with the results of earlier 
studies cited in NASA, 1990.2 Photolysis is expected to 
occur with unit quantum efficiency by breaking of the 
C-CI bond to yield CHF2 + Cl. 

A/nrn 1020 a/crn2 A/nrn 

174 5.72 190 
176 4.04 192 
178 2.76 194 
180 1.91 196 
182 1.28 198 
184 0.842 200 
186 0.576 202 
188 0.372 204 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

102U a/crn2 

0.245 
0.156 
0.103 
0.072 
0.048 
0.032 
0.022 
0.014 

References 

IP. C. Simon, D. Gillotay, N. Vanlaethcm-Mcuree, and J. Wiscmbcrg, 
J. Atmos. Chern. 7, 107 (1988). 
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CF2CI2 (CFC-12) + hv ~ products 

Reaction 

CFzCIz + h v - CFzCI + CI (1) 
- CFz + 2 CI (2) 

Primary photochemical processes 

MfO/kJ'mol- 1 

346 
542 

Preferred Values 

Absorption cross-sections for CFzCIz photolysis at 295 K and 210 K 

1020 0'/cm2 

A/nm 295 K 210 K A/nm 

174 162 162 200 
6 181 181 2 
8 187 187 4 

180 179 179 6 
2 160 160 8 
4 134 134 210 
6 107 107 2 
8 82.8 79.3 4 

190 63.2 52.9 6 
2 45.5 35.8 8 
4 31.5 22.8 220 
6 21.1 14.4 2 
8 13.9 8.8 4 

6 

Quantum Yields for CFzCIz Photolysis at 298 K 

Mnm <1>1 <1>2 A/nm 

170 0.59 0.41 210 
180 0.62 0.38 220 
190 0.67 0.33 230 
200 0.74 0.26 240 

Comments on Preferred Values 

10:10 0'/cm2 

295 K 210 K 

8.89 5.11 
5.51 2.97 
3.44 1.69 
2.09 0.99 
1.27 0.56 
0.76 0.32 
0.45 0.18 
0.27 0.10 
0.16 0.058 
0.10 0.033 
0.060 0.018 
0.036 0.010 
0.022 0.006 
0.013 0.003 

<1>1 <1>2 

0.85 0.15 
0.96 0.04 
1.0 
1.0 

References 

346 
221 
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The preferred values of the absorption cross-sections 
at 295 K and at 210 K are the values reported by Simon 
et al. 1 This recent publication reports the results of the 
most comprehensive study of the temperature depen
dence. The values at room temperature are in good 
agreement with those recommended in our previous eval
uation, CODATA, 1980,2 where a detailed discussion of 
earlier work can be found. The recommended quantum 
yield values are taken from Ref. 2, and are based on the 
results of Rebbert and Ausloos.3 

IP. C. Simon, D. Gillotay, N. Vanlaethem-Meuree, and J. Wisemberg, 
J. Atmos. Chern. 7, 107 (1988). 

2CODATA, 1980 (see references in Introduction). 
3R. E. Rcbbcrt and P. J. Ausloos, J. Photochem. 4, 419 (1975). 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 



1510 ATKINSON ET AL 

CFCIa (CFC-11) + hv ~ products 

Primary photochemical processes 

Reaction 

CFCh + hv - CFCIz + Cl (1) 
- CFCI + 2 Cl (2) 

317 
507 

380 
236 

Preferred Values 

Absorption cross-sections for CFCh photolysis at 295 K and 210 K 

102() a/cm2 

A/nm 295 K 210 K 

174 313 313 
6 324 324 
8 323 323 

180 314 314 
2 296 296 
4 272 272 
6 243 230 
8 213 202 

190 179 170 
2 154 141 
4 124 115 
6 99.1 90.5 
8 78.0 71.8 

200 64.5 55.8 
2 50.0 42.0 
4 37.4 30.0 
6 28.0 21.6 
8 19.7 14.9 

Quantum Yields for CFCh Photolysis at 298 K 

A/nm if,1 if,2 

170 0.57 0.43 
180 0.66 0.34 
190 0.66 0.34 
200 0.74 0.26 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

for 174-230 nm at 295 K and at 210 K are the values re
ported by Simon et al. l This recent publication reports 
the results of the most comprehensive study of the tem
perature dependence. The values are in good agreement 
with those recommended in our previous evaluation, CO
DATA, 1982,2 where a detailed discussion of earlier work 
can be found. For A > 230 nm, the values are those re
ported by Hubrich and Stuhl3

• The recommended quan
tum yield values are taken from Ref. 2, and are based on 
the results of Rebbert and Ausloos.4 

J. Phvs. Chem. Ref. Data. Vol. 21. No.6. 1992 

102l1 0'/cm2 

A/nm 295 K 210 K 

210 14.8 9.9 
2 10.5 6.63 
4 7.56 4.31 
6 5.38 2.78 
8 3.79 1.77 

220 2.64 1.13 
2 1.82 0.71 
4 1.24 0.45 
6 0.84 0.29 
8 0.56 0.19 

230 0.37 0.12 
235 0.126 
240 0.046 
245 0.017 
250 0.0066 
255 0.0034 
260 0.0015 

A/nm if,1 4>2 

210 0.84 0.16 
220 0.94 0.06 
230 1.0 
240 1.0 

References 

lP. C. Simon, D. Gillotay, N. Vanlaethem-Meuree, and J. Wisemberg, 
1. Atmos. Chern. 7, 107 (1988). 

2CODATA, Supplement I, 1982 (see references in Introduction). 
3C. Hubrich and F. Stuhl, J. Photochem. 12, 93 (1980). 
4R. E. Rebbert and P. J. Ausloos, J. Photochem. 4, 419 (1975). 
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CCI4 + hv ~ products 

Primary photochemical processes 

Reaction 

CCI4 + hv ~ CCh + CI (1) 
~,CCh + 2 CI (2) 

~lr/kJ'mol-1 

288 
577 

415 
207 

Preferred Values 

Absorption cross-sections for CCI4 photolysis at 295 K and 210 K 

10211 u/cm2 

A/nm 295 K 210 K 

174 990 990 
6 1010 1010 
8 975 975 

180 720 720 
2 590 590 
4 440 440 
6 310 310 
8 198 198 

190 147 147 
2 99.2 99.2 
4 76.7 76.7 
6 69.5 69.5 
8 68.0 68.0 

200 66.0 66.0 
2 63.8 63.8 
4 61.0 60.1 
6 57.0 54.4 
8 52.5 48.3 

210 46.9 41.5 
2 41.0 34.8 
4 34.5 27.9 
6 27.8 21.7 

Quantum Yields for CCl4 Photolysis at 298 K 

A/om <PI <P2 

170 0.30 0.70 
180 0.36 0.64 
190 0.46 0.54 
200 0.63 0.37 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

at 295 K and at 210 K are the values reported by Simon 
et al. l This recent publication reports the results of the 
most comprehensive study of the temperature depen
dence. The values at room temperature are in good 
agreement with those recommended in our previous eval
uation, CODATA, 1982,2 where a detailed discussion of 
earlier work can be found. For A > 250 nm, the values 
are those reported by Hubrich and Stuhl.3 The recom-

10211 ulcm2 

A/nm 295 K 210 K 

8 22.1 16.3 
220 17.5 12.5 

2 13.6 9.0 
4 10.2 6.4 
6 7.6 4.4 
8 5.6 3.16 

230 4.28 2.27 
2 3.04 1.52 
4 2.20 1.05 
6 1.60 0.72 
8 1.16 0.50 

240 0.830 0.342 
2 0.590 0.234 
4 0.413 0.158 
6 0.290 0.108 
8 0.210 0.076 

250 0.148 0.053 
255 0.066 
260 0.025 
265 0.013 
270 0.006 
275 0.002 

A/nm <PI <P2 

210 0.83 0.17 
220 0.96 0.04 
230 1.0 
240 1.0 

mended quantum yield values are taken from Ref. 2, and 
are based on the results of Rebbert and Ausloos.4 

References 

IP. C. Simon, D. Gillotay, N. Vanlaethem-Meuree, and 1. Wisemberg, 
1. Atmos. Chern. 7, 107 (1988). 

2CODATA, Supplement I, 1982 (see references in Introduction). 
3c. Hubrich and F. Stu hi, J. Photochem. 12, 93 (1980). 
4R. E. Rebbert and P. J. Ausloos, J. Photochem. 6, 265 (1976177). 
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CH3CF2CI (HCFC-142b) + hv ~ products 

Primary photochemical processes 

Reaction 

Preferred Values 

Absorption cross-sections for CH3CF2Cl photolysis at 298 K 

A/nm 10211 u/cm2 A/nm 1020 u/cm2 

190 0.94 210 0.017 
2 0.66 2 0.010 
4 0.46 4 0.007 
6 0.31 6 0.004 
8 0.21 8 0.003 

200 0.14 220 0.002 

2 0.09 2 0.0009 
4 0.061 4 0.0005 
6 0.039 6 0.0003 
8 0.026 8 0.0002 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

at 298 K are the mean of the values reported by Gillotay 

335 (est) 360 

and SimonI and Orlando et al.2 The agreement between 
these studies over the wavelength range of preferred val
ues is good. The results of Hubrich and Stuhl3 are in rea
sonable agreement. The temperature dependence down 
to 210 K has been reported in Refs. 1 and 2. They are in 
fair agreement at the shorter wavelengths, both studies 
reporting a significant decrease in absorption as the tem
perature is lowered. At the longer wavelengths they are 
in disagreement at low temperatures. For values at low 
temperatures the reader is referred to the original refer
ences.1•2 Photolysis is expected to occur with unit quan
tum efficiency by breaking of the C-Cl bond to yield 
CH3CF2 + Cl. 

References 

10. Gillotay and P. C. Simon, J. Atrnos. Chern. 12,269 (1991). 
2J. J. Orlando, J. B. Burkholder, S. A. McKeen, and A. R. Ravis

hankara, J. Geophys. Res. 96, 5013 (1991). 
3C. Hubrich and F. Stuhl, J. Photochern. 12, 93 (1980). 

CH3CFCb (HCFC-141b) + hv ~ products 

Primary photochemical processes 

Reaction 

Preferred Values 

Absorption cross-sections for CH3CFCb photolysis at 298 K 

Alnm 1020 u/cm2 A/nm 1020 u/cm2 

190 75.3 210 2.2 
2 58.8 2 1.4 
4 44.3 4 0.94 
6 32.2 6 0.61 
8 22.8 8 0.41 

200 15.8 220 0.27 
2 10.8 2 0.18 
4 7.3 4 0.12 
6 4.9 6 0.08 
8 3.2 8 0.06 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

at 298 K are the mean of the values reported by Gillotay 
and SimonI and Talukdar et al.2 The agreement between 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

MfO/kJ'mol- 1 

335 (est) 360 

results of these studies at 298 K over the wavelength 
range of preferred values is only fair. The ratio of the 
value in Ref. 1 to that in Ref. 2 decreases monotonically 
from 1.20 at 190 nm to 0.86 at 220 nm and to 0.60 at 230 
nm. The temperature dependence down to 210 K has 
been reported in Refs. 1 and 2. They are in fair agree
ment at the longer wavelengths, both studies reporting a 
significant decrease in absorption as the temperature is 
lowered. At the shorter wavelengths they are in disagree
ment at low temperatures. For values at low tempera
tures the reader is referred to the original references.I.2 

Photolysis is expected to occur with unit quantum effi
ciency by breaking of the C-CI bond to yield CH3CFCI + 
CI. 

References 

10. Gillotay and P. C. Simon, J. Atrnos. Chern. 12, 269 (1991). 
2R. Talukdar, A. Mellouki, T. Gierczak, J. B. Burkholder, S. A. McK
een, and A. R. Ravishankara, J. Phys. Chern. 95, 5815 (1991). 
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CH3CCia + h v ~ products 

Primary photochemical processes 

Reaction M/o/kJ'mol- 1 

335 (est) 360 

Preferred Values 

Absorption cross-sections for CH3CCh photolysis at 295 K and 210 K 

10211 u/cm2 

Alnm 295 K 210 K 

182 315 315 
4 280 280 
6 250 250 
8 220 220 

190 192 192 
2 163 163 
4 140 140 
6 118 118 

8 99 99 
200 81 81 

2 66 64 
4 52 49 
6 40 36 
8 31 26 

Comments on Pre/erred Values 
The preferred values of the absorption cross-sections 

at 295 K and at 210 K are the values reported by Van
laethem-Meuree et al. 1 These values are preferred over 
the substantially higher values reported by Hubrich. and 
StuhI,2 in which study a correction was required for the 
presence of the UV -absorbing stabilizer l,4-dioxane. In 
Ref. 1, absorption cross-section values are given for 

10211 u/cm2 

>'/nm 295 K 210 K 

210 24.0 19.8 
2 16.8 13.2 
4 12.0 8.8 
6 8.6 6.1 
8 6.0 4.2 

220 4.1 2.9 
2 2.9 1.2 
4 2.0 1.2 
6 1.5 0.76 
8 1.0 0.51 

230 0.70 0.33 
2 0.49 0.18 
4 0.33 0.11 
6 0.23 0.064 
8 0.15 0.036 

240 0.10 0.024 

295 K, 270 K, 250 K, 230 K and 210 K. Photolysis is ex
pected to occur with unit quantum efficiency by breaking 
of the C-CI bond to yield CH3CCh + Cl. 

References 

IN. Vanlaethcm-Mcuree, J. Wiscmbcrg, and P. C. Simon, Geophys. 
Res. Lett. 6, 451 (1979). 

2c. Hubrich and F. Stu hi, J. Photochcm. 12, 93 (1980). 

j. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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CF3CHFCI (HCFC-124) + h.., --'; products 

Primary photochemical processes 

Reaction 

Preferred Values 

Absorption cross-sections for CF3CHFCI photolysis at 298 K 

A/nm lOW a/cm2 Atnm 1020 a/cm2 

190 0.73 210 0.018 
2 0.53 2 0.012 
4 0.38 4 0.008 
6 0.26 6 0.006 
8 0.18 8 0.004 

200 0.13 220 0.003 
2 0.086 2 0.003 
4 0.059 4 0.002 
6 0.040 6 0.002 
8 0.026 8 0.001 

335 (est) 360 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

at 298 K are the values reported by Orlando et al. l In the 
same study the temperature dependence down to 203 K 
has been reported, with the values showing a significant 
decrease in absorption as the temperature is lowered. For 
values at low temperatures the reader is referred to the 
original reference. Photolysis is expected to occur with 
unit quantum efficiency by breaking of the C-CI bond to 
yield CF3CHF + Cl. 

References 

IJ. J. Orlando, J. B. Burkholder, S. A. McKeen, and A. R. Ravis
hankara, J. Geophys. Res. 96, 5013 (1991). 

CF3CHCI2 (HCFC-123) + hv --'; products 

Primary photochemical processes 

Reaction 

Preferred Values 

Absorption cross-sections for CF3CHCIz photolysis at 298 K 

Atnm 

190 
2 
4 
6 
8 

200 
2 
4 
6 
8 

59.0 
44.5 
32.9 
23.6 
16.9 
11.9 
8.3 
5.7 
4.0 
2.7 

Comments on Preferred Values 

A/nm 

210 
2 
4 
6 
8 

220 
2 
4 
6 
8 

1.8 
1.3 
0.87 
0.61 
0.40 
0.28 
0.20 
0.14 
0.10 
0.07 

The preferred values of the absorption cross-sections 
at 298 K are the mean of the values reported by Gillotay 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

335 (est) 360 

and SimonI and Orlando et al.2 The agreement between 
these studies over the wavelength range of preferred val
ues is very good. The results of Green and Wayne3 are in 
reasonable agreement. The temperature dependence 
down to 210 K has been reported in references 1 and 2. 
They are in fair agreement at the shorter wavelengths, 
both studies reporting a significant decrease in absorp
tion as the temperature is lowered. At the longer wave
lengths they are in disagreement at low temperatures. 
For values at low temperatures the reader is referred to 
the original references.I.2 Photolysis is expected to occur 
with unit quantum efficiency by breaking of the C-CI 
bond to yield CF3CHCI + CI. 

References 

ID. Gillotay and P. C. Simon, J. Atmos. Chern. 12,269 (1991). 
2J. J. Orlando, J. B. Burkholder, S. A. McKeen, and A. R. Ravis

hankara, J. Geophys. Res. 96,5013 (1991). 
3R. G. Green and R. P. Wayne, J. Photochem. 6, 375 (1976n7). 
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CF2CICFCb (CFC-113) + h v ~ products 

Primary photochemical processes 

Reaction 

CF2CICFClz + h v -+ CF2CICFCI + CI 
-+ CFChCF2 + CI 

(1) 
(2) 

346 (est) 
346 (est) 

346 
346 

Preferred Values 

Absorption cross-sections for CF2CICFCh photolysis at 295 K and 210 K 

1020 a/cm2 

A/nm 295 K 210 K 

184 118 118 
6 104 104 
8 83.5 83.5 

190 64.5 64.5 
2 48.8 48.8 
4 36.0 36.0 
6 26.0 24.3 
~ HU 1~.Y 

200 12.5 10.1 
2 8.60 6.54 
4 5.80 4.09 
6 4.00 2.66 
8 2.65 1.68 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

are the values reported by Simon et al.1 They are in very 
good agreement with the room temperature results of 
Chou et al.2 They are in good agreement with those of 
Hubrich and StuhV who also made low temperature 
measurements. Photolysis is expected to occur with unit 
quantum efficiency by breaking of the C-CI bond to yield 
CF2CICFCI + Cl or CFChCF2 + Cl. 

10211 a/cm2 

A/nm 295 K 210 K 

210 1.80 1.12 
2 1.15 0.696 
4 0.760 0.452 
6 0.505 0.298 
8 0.318 0.184 

220 0.220 0.125 
2 0.145 0.081 
4 U.UY5 0.053 

6 0.063 0.034 
8 0.041 0.022 

230 0.027 0.014 

References 

IP. C. Simon, D. Gillotay, N. Vanlaethem-Meuree, and J. Wisemberg, 
Ann. Geophysicae 6, 239 (1988). 

2C. C. Chou, R. J. Milstein, W. S. Smith, H. Vera Ruiz, M. J. Molina, 
and F. S. Rowland, J. Phys. Chern. 82, 1 (1978). 

3c. Hubrich and F. Stuhl, J. Photochem. 12, 93 (1980). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Primary photochemical processes 

Reaction )..hre\holct/nm 

CF2CICF2Cl + h v -+ CF2CICF2 + CI 346 (est) 346 

Preferred Values 

Absorption cross-sections for CF2CICF2CI photolysis at 295 K and 210 K 

1Q2() u/cm2 

).fnm 295 K 210 K 

172 69 69 
4 55 55 
6 43 43 
8 34 34 

180 26 26 
2 19.8 19.8 
4 15.0 15.0 
6 11.0 11.0 
8 7.80 7.72 

190 5.35 5.03 
2 3.70 3.28 
4 2.56 2.13 
6 1.75 1.39 
8 1.20 0.88 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

are the values reported by Simon et al.1 They are in very 
good agreement with the room temperature results of 
Chou et al. 2 Hubrich and Stuhl3 reported higher values 
and a smaller temperature dependence. Photolysis is ex
pected to occur with unit quantum efficiency by breaking 
of the C-CI bond to yield CF2CICF2 + Cl. 

1020 u/cm2 

)./nm 295 K 210 K 

200 0.80 o.!)!) 

2 0.54 0.34 
4 0.37 0.22 
6 0.24 0.13 
8 0.16 0.084 

210 0.104 0.051 
2 0.068 0.031 
4 0.044 0.020 
6 0.029 0.012 
8 0.019 0.007 

220 0.012 0.004 

References 

IP. C. Simon, D. Gillotay, N. Vanlaethem-Meuree, and J. Wisemberg, 
Ann. Geophysicae 6, 239 (1988). 

2c. C. Chou, R. J. Milstein, W. S. Smith, H. Vera Ruiz, M. J. Molina, 
and F. S. Rowland, J. Phys. Chern. 82, 1 (1978). 

3c. Hubrich and F. Stuhl, J. Photochem. 12, 93 (1980). 

Primary photochemical processes 

Reaction 

346 346 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Preferred Values 

Absorption cross-sections for CF3CF2CI photolysis 

A/nm lOW u/cm2 Atnm 

172 5.65 190 
4 4.05 2 
6 2.85 4 
8 2.05 6 

180 1.45 8 
2 1.05 200 
4 0.75 2 
6 0.53 4 

8 0.38 

Reaction 

Preferred Values 

0.27 
0.19 
0.13 
0.090 
0.063 
0.044 
0.031 
0.021 

Comments on Pre/erred Values 
The preferred values of the absorption cross-sections 

are the values reported by Simon et al.1 In this study mea
surements were made down to 225 K, and the absorption 
cross-section values were found to be independent of 
temperature. They are in good agreement with the results 
of Hubrich and Stuhl2 who also made low temperature 
measurements. Earlier measurements of Chou et al.3 are 
50% higher. Photolysis is expected to occur with unit 
quantum efficiency by breaking of the C-CI bond to yield 
CF3CF2 + CI. 

References 

Ip. C. Simon, D. Gillotay, N. Vanlaethem-Meuree, and J. Wisemberg, 
Ann. Geophysicae 6, 239 (1988). 

2c. Hubrich and F. Stu hi, J. Photochem. 12, 93 (1980). 
3c. C. Chou, R. J. Milstein, W. S. Smith, H. Vera Ruiz, M. J. Molina, 

and F. S. Rowland, J. Phys. Chern. 82, 1 (1978). 

Primary photochemical processes 

~°!kJ'mol-1 

335 (est) 360 

Comments on Pre/erred Values 

Absorption cross-sections for CH3CF2CHCh photolysis at 298 K 
The preferred values of the absorption cross-sections 

at 298 K are the values reported by Braun et al. 1 In the 
same study, absorption cross-section measurements in 
the liquid phase were made over the wavelength range 
205-270 nm. Correction factors were used to convert 
these liquid-phase values into gas-phase values. The com
bined set of gas-phase values for t,he wavelength range 
170-270 nm were fitted with the expression: 

A/nm lOW u/cm2 A/nm 

160 269 200 
165 197 205 
170 183 210 
175 191 215 
180 177 220 
185 129 225 
190 74 230 
195 37 235 

239 

1020 u/cm2 

16 
6.9 
2.9 
1.2 
0.46 
0.17 
0.065 
0.025 
0.011 

10glO(1 = 17.966 + 4.542 x 10-2X - 2.036 X 10-3X2 

+ 1.042 X 10-5 X3 where X = (A -160 nm) 

Photolysis is expected to occur with unit quantum effi
ciency by breaking of the C-CI bond to yield 
CF3CF2CHCI + CI. 

References 

IW. Braun, A. Fahr, R. Klein, M. J. Kurylo, and R. E. Huie, J. Geophys. 
Res. 96, 13009 (1991). 
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CF2CICF2CHFCI (HCFC-225cb) + hv ~ products 

Primary photochemical processes 

Reaction 

CF2ClCF2CHFCI + h V -+ CF2CICF2CHF + Cl 
-+ CHFClCF2CF2 + Cl 

Preferred Values 

Absorption cross-sections for CF2CICF2CHFCI photolysis at 298 K 

A/om 1()20 a/cm2 A/nm 1020 u/cm2 

160 188 185 9.1 
165 145 190 3.5 
170 91 19'\ L4 
175 47 200 0.63 
180 21 205 0.33 

210 0.25 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

at 298 K are the values reported by Braun et al. 1 In the 
same study absorption cross-section measurements in the 

335 (est) 
335 (est) 

A.hr • ..t. .... .Jnm 

360 
360 

liquid phase were made over the wavelength range 205-
250 nm. Correction factors were used to convert these liq
uid-phase values into gas-phase values. The combined set 
of gas-phase values for the wavelength range 170-250 nm 
were fitted with the expression: 

10glOO" = -17.714 - 2.175 x 10-2 X - 1.484 X 10-3 X 2 

+ 1.147 x 10-5 X 3 where X = (A -160 nrn) 

Photolysis is expected to occur with unit quantum effi
ciency by breaking of the C-CI bond to yield 
CF2CICF2CHF + Cl or CHFCICFlCFl + CI. 

Reference 

lW. Braun, A. Fahr, R. Klein, M. J. Kurylo, and R. E. Huic, J. Geophys. 

Res. 96, 13009 (1991). 

HCOCI + h .. -40 products 

Primary photochemical processes 

Reaction ~°!kJ'mol-l 

HCOCI + hv -+ HCO + Cl 340 (est) 350 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Preferred Values Comments on Preferred Values 

Absorption cross-sections of HCOCI at the band maxima (298 K, 1013 
The preferred values of the absorption cross-sections 

at 298 K are the values reported by Libuda et al.1 These 
are the values of the absorption cross-sections at the ab
sorption maxima and were measured at a spectral resolu
tion of 0.7 nm. The absorption bands for A > 265 nm 
became distinctly sharper when the spectral resolution 
was improved to 0.4 nm. The spectrum of HCOel is sim
ilar to that of HCHO but is shifted to shorter wavelengths 
by 45 nm. Although there have been no quantum yield 
studies of HCOCI photolysis, it is reasonable to assume 
by analogy with the photolysis of COCh that the primary 
photolysis pathway proceeds by breaking of the C-Cl 
bond to yield HCO + Cl. 

mbar of N2, spectral resolution 0.7 nm) 

Nnm lOZO a/cm'Z. 

236.1 3.8 
241.5 4.9 
247.3 5.6 
251.4 5.4 
253.7 6.0 
256.1 5.6 
258.2 5.8 
260.2 6.0 
263.5 5.1 
265.7 5.3 
267.9 5.2 
269.1 3.9 
270.2 3.5 
271.4 4.0 
273.8 4.1 
276.3 3.4 
277.7 2.4 
278.9 2.1 

Reaction 

COFCI + hv - FCO + CI 
-CICO + F 
- CO + F + CI 
- CFCI + Oep) 

(1) 
(2) 
(3) 
(4) 

Alnm 

280.2 
282.7 
285.3 
286.8 
288.0 
289.4 
292.2 
294.9 
296.7 
298.1 
299.5 
302.3 
305.2 
308.1 
309.3 
311.1 
314.1 
316.7 
318.7 

Preferred Values 

2.4 
2.3 
1.64 
1.04 
0.86 
0.97 
0.81 
0.46 
0.32 
0.22 
0.25 
0.172 
0.080 
0.027 
0.021 
0.020 
0.013 
0.008 
0.007 

References 

lH. G. Libuda, F. Zabel, E. H. Fink, and K. H. Becker, J. Phys. Chern. 
94,5860 (1990). 

COFCI + h v ~ products 

Primary photochemical processes 

tJ.lfO IkJ 'mol- 1 

377 
489 
517 
656 

Comments on Preferred Values 

317 
244 
231 
182 

Absorption cross-sections for COFC} photolysis at 298 K 
The preferred values of the absorption cross-sections 

are those reported by Chou et a/.1 The spectrum shows 
some structure, and the values listed are averages over 
500 cm -I intervals. Although there have been no quan
tum yield studies of COFCI photolysis, it is reasonable to 
assume by analogy with the photolysis of eOCh that pro
cess (1) is the primary photolysis pathway. 

Alnm 1020 a/cm2 

186.0 15.6 
187.8 14.0 
189.6 13.4 
191.4 12.9 
193.2 12.7 
195.1 12.5 
197.0 12.4 
199.0 12.3 
201.0 12.0 
203.0 11.7 

Alnm 

205.1 
207.3 
209.4 
211.6 
213.9 
216.2 
218.6 
221.0 
223.5 
226.0 

1020 a/cm2 

11.2 
10.5 
9.7 
9.0 
7.9 
6.9 
5.8 
4.8 
4.0 
3.1 

References 

lG. C. Chou, G. Crescentini, H. Vera-Ruiz, W. S. Smith, and F. S. Row
land, Results presented at the 173rd American Chemical Society Na
tional Meeting, New Orleans, March, 1977. 
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Reaction 

COCh + hv -+ CICO + CI (1) 
-+ CO + 2CI (2) 
-+ CCh + Oep) (3) 

Preferred Values 

ATKINSON ET AL 

COCI2 + h v ~ products 

Primary photochemical processes 

324 
352 
707 

Comments on Preferred Values 

369 
340 
169 

Absorption cross-sections for COCh photolysis at 298 K 
The preferred values of the absorption cross-sections 

are those reported by Chou et al.1 for 185-226 nm and by 
Okabe2 for 240-280 nm. The spectrum is a continuum, 
and the values listed are averaged over 500 cm -1 inter
vals. The observations of Wijnen,3 Heicklen4 and earlier 
investigators5 show that process (1) is the primary photol
ysis pathway. 

A/nm 10211 a/cm2 

184.9 204 
186.0 189 
187.8 137 
189.6 117 
191.4 93.7 

193.2 69.7 
195.1 52.5 
197.0 41.0 
199.0 31.8 
201.0 25.0 
203.0 20.4 
205.1 16.9 
207.3 15.1 
209.4 13.4 

A/nm 

211.6 

213.6 
216.3 
218.6 
221.0 
223.5 
226.0 
240.0 
250.0 
253.7 
260.0 
270.0 
280.0 

12.2 

11.7 
11.6 
11.9 
12.3 

12.8 
13.2 
12.2 
8.36 
6.74 
4.43 
1.58 
0.53 

References 

10. C. Chou, O. Crescentini, H. Vera-Ruiz, W. S. Smith, and F. S. Row
land, Results presented at the 173rd American Chemical Society Na
tional Meeting, New Orleans, March, 1977. 

2H. Okabe, J. Chern. Phys. 66, 2058 (1977). 
3W. H. Wijnen, J. Am. Chern. Soc. 83,3014 (1961). 
4J. Heicklen, J. Am. Chern. Soc. 87, 445 (1965). 
51. O. Calvert and 1. N. Pitts, Photochemistry (John Wiley and Sons, Inc., 
New York, 1966), p. 231. 

Quantum Yields for COCI2 Photolysis at 298 K 
<PI = 1 for A > 184.9 nm. 

CCbCHO + h v ~ products 

Primary photochemical processes 

Reaction 

CChCHO + h v -+ CCh + HCO (1) 
-+ CChcO + H (2) 
-+ CHCh + CO (3) 

Absorption cross-section data 

Wavelength range/nm Reference Comments 

200-340 Rattigan, Jones and Cox, 19911 (a) 

Quantum yield data 

There are no reported quantum yield data. 
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Comments 

(a) Absolute absorption cross-sections measured using a 
dual beam diode array spectrometer over the temper
ature range 240-300 K. The UV spectrum of 
CChCHO shows a broad band centered at 290 nm 
and extending out to 360 nm. Values of 0- were given 
at 5 nm intervals at 298 K. A second absorption band 
appears at wavelengths < 230 nm. 

Preferred Values 

Absorption cross-sections at 298 K 

A/nm 1020 rr/cm2 A/nm 1020 rr/cm2 A/nm 1020 rr/cm2 

200 115 255 2.80 310 6.07 
205 86.1 260 3.98 315 4.57 

210 48.2 265 5.36 320 3.06 
215 23.9 270 6.72 325 1.90 
220 10.9 275 IWl 33U 1.12 

225 4.76 280 9.32 335 0.498 
230 2.03 285 10.08 340 0.193 
235 0.944 290 10.32 345 0.086 
240 0.774 295 9.89 350 0.019 

245 1.13 300 9.02 355 0.002 
250 1.83 305 7.67 360 0.0 

Quantum Yields 
No recommendation. 

Comments on Preferred Values 
The preferred values for the cross-sections are based 

on the data reported by Rattigan et al. 1 There are no data 
concerning the quantum yields, but by analogy with ac
etaldehyde, which shows a similar absorption spectrum, 
photodissociation is expected to be predominantly by 
channel (1). 

References 

10. Rattigan, R. L. Jones, and R. A. Cox, 1. Photochem., submitted for 
publication. 

CF3COCI + hv ~ products 

Primary photochemical processes 

Reaction 

CF3COCI + h v ~ CF3 + CICO (1) 
~ CF3CO + Cl (2) 
~ CF3Cl + CO (3) 

Absorption cross-section data 

Wavelength range/nm 

200-335 
230 300 

Reference 

Rattigan, Jones and Cox, 19911 

Jcmi-Alndc, Lightfoot nnd 

Lesclaux, 19912 

Comments 

(a) 
(b) 

Quantum yield data 

There are no reported data for 4>1 or <Pz. 

Comments 

(a) Absolute absorption cross-sections measured using a 
dual beam diode array spectrometer over the temper
ature range 233-300 K. The UV spectrum of 
CF3COCI shows two overlapping bands, the first hav
ing a maximum at 255 nm (0- = 6.78 X 10-20 cm2 

molecule -1) and the second at < 200 nm. There is sig
nificant absorption at wavelengths > 300 nm, where 

the cross-sections become increasingly temperature 
dependent. Values of 0- were given at 5 nm intervals 
at 298 K and 240 K as well as temperature coefficients 
in the long wavelength tail at > 270 nm. Photolysis 
was observed at 254 nm, but no quantum yield data 
were reported. 

(b) Absorption cross-sections determined by conven
tional method at room temperature. 0-(250 nm) = 
6.72 x 10-20 cm2 molecule-I. 
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Preferred Values 

Absorption cross-sections at 296 K and 233 K 

A/nm 1()2o u/cm2 . 

296 K 233 K 

200 32.5 27.4 
205 14.8 12.0 
210 3.53 2.56 
215 1.04 0.786 
220 0.972 0.921 
225 1.61 1.58 
230 2.68 2.66 
235 3.89 3.87 
240 5.01 4.97 
245 5.94 5.84 
250 6.54 6.39 
255 6.78 6.55 
260 6.60 6.32 
265 5.97 5.62 

Quantum Yields 
No recommendation. 

Comments on Pre/erred Values 
The cross-sections at 255 nm reported from the two 

studiesl
,2 are in good agreement. The preferred values for 

the cross-sections are based on the more extensive data 
reported by Rattigan et al., 1 which also provide the tem
perature dependence. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

>Jnm 1()2° u/cm2 

296 K 233K 

270 5.13 4.79 
275 4.22 3.88 
280 3.11 2.82 
285 2.17 1.91 
290 1.39 1.20 
295 0.809 0.667 
300 0.425 0.334 
305 0.198 0.144 
310 0.077 0.048 
315 0.024 0.012 
320 0.0069 0.0038 
325 0.0016 0.0008 
330 0.0 0.0 

References 

10. Rattigan, R. L. Jones, and R. A. Cox, J. Photochem., submitted for 
publication. 

2A. A. Jemi-Alade, P. D. Lightfoot, and R. Lesclaux, Chern. Phys. Lett. 
179, 119 (1991). 
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4.8. Bromine Species 

o + BrO ~ O2 + Br 

ABO = -262 kJ'mol- 1 

Rate coefficient data 

Absolute Rate Coefficients 
2.5 x 10- 11 

Reviews and Evaluations 
3 X 10- 11 

3 X 10- 11 

Comments 

Temp./K 

298 

298 
200-300 

(a) Discharge flow system with resonance fluorescence 
detection of Br and OCP) atoms. The value shown 
was derived from two independent methods of deter
mining the rate constant: (a) monitoring Br atom for
mation in the absence of NO, and (b) monitoring 
OCP) atom decay in the absence of NO. 

(b) See Comments on Preferred Values. 
( c) Based on results of Clyne et al. l 

Preferred Values 

k = 3 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~Iog k = ± 0.5 at 298 K. 

!lIfO = -163 kJ'mol- 1 

Reference 

Clyne, Monkhouse, and Townsend, 19761 

CODATA, 19802; IUPAC, 19893 

NASA,19904 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

This data sheet is reproduced from our previous evalu
ation, CODATA, 1980.2 The prcfcncd value is based on 
the results of Clyne et a/.1 The value appears to be rea
sonable in light of the known reactivity of CIO radicals 
with atomic oxygen. The temperature dependence of k is 
expected to be small for such an atom-radical process, as 
for the analogous CIO reaction. 

References 

1M. A. A. Clyne, P. B. Monkhouse, and L. W. Townsend, Int. J. Chern. 
Kinet. 8,425 (1976). 

2CODATA, 1980 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 

Rate coefficient data 

Absolute Rate Coefficients 
(1.5 ± 0.2) x 10- 12 

Reviews and Evaluations 
1.4 x 10- 11 exp( - 590fT) 
1.5 x 10 - 11 exp( - 600fT) 

Temp./K 

298 

260-390 
200-300 

Reference 

Laverdet e/ al., 19901 

IUPAC, 19892 

NASA,19903 

Comments 

(a) 

(b) 
(b) 
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Comments 

(a) Discharge flow system with EPR detection of Br and 
of H02 by conversion to HO by reaction with excess 
NO. Previous indirect results of Poulet et al.4 were 
reinterpreted to yield values of k in the range (1.0-
2.2) x 10- 12 cm3 molecule- 1 S-I. 

(b) Based on the results of Toohey et al.s 

Preferred Values 

k = 2.0 X 10- 12 cm~ molecule- 1 S-1 at 298 K. 
k = 1.4 X 10- 11 exp( -590fT) molecule- 1 

S-1 over the 
temperature range 260-390 K. 

Reliability 
alog k = ± 0.3 at 298 K. 
il(E/R) = ±200 K. 

Comments on Preferred Values 
This recommendation is unchanged from our previous 

evaluation, IUPAC, 1989.2 It is based on results obtained 
over the 260-390 K temperature range by Toohey et al.~ 
using a discharge flow system with LMR detection of 
H02 decay in excess Br. The value determined by 
Laverdet et al. 1 is in good agreement with this recommen
dation. Laverdet et al. 1 have reinterpreted previous indi
rect measurements conducted in the same laboratory (by 
Poulet et al.4

) to give a range of values higher than had 
been reported4 and in agreement with the present recom
mendation. 

References 

1G_ I.avcrdct, G_ I.c Rras, k Mcllnllki, and G_ POlllct, Chern. Phy!.. 
Lett. 172, 430 (1990). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (sec references in Introduction). 
4G. Poulet. G. Laverdet. and G. Le Bras. 1. Chern. Phys. 80.1922 (1984). 
5D. W. Toohey, W. M. Brune, and 1. G. Anderson, J. Phys. Chern. 91, 

1215 (1987). 

Br + H20 2 ~ HBr + H02 (1) 

~ HOBr + HO (2) 

Mr(l) = 2.7 kJ'rnol- 1 

Mr(2) = -16 kJ'mol- 1 

Rate coefficient data (k = k, + k2 ) 

k/cm3 molecule -I S-I Temp./K 

Absolute Rate Coefficients 
<5 X 10- 16 298 
<5 X 10- 16 378 

Reviews and Evaluations 
<5 x 10- 16 298 
'" 1 x 10- 11 t:xp( - 3000/T) 20(}-300 

Comments 

(a) Discharge flow system with resonance fluorescence 
detection of Br atoms. Decays of Br atoms monitored 
in the presence of excess HzOz. Attempted measure 
ment of H02 and OH products by LMR allowed up
per limits of 5 x 10- 16 cm3 molecule- I 

S-1 to be 
quoted for either channel (1) or (2). 

(b) See Comments on Preferred Values. 
(c) Based on the data of Toohey et al.I 

Preferred Values 

k <5 X 10- 16 cm3 molecule- 1 
S-I at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Toohey, Brune, and Anderson, 19871 (a) 

IUPAC, 19892 (b) 
NASA,19903 (\,;) 

Comments on Preferred Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.2 The upper limit to the preferred 
value is based on the data of Toohey et al., 1 who also ob
tained the same upper limit at 378 K. 

References 

ID. W. Toohey, W. H. Brune, and J. G. Anderson, 1. Phys. Chern. 91, 
1215 (1987). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3NASA Evaluation No.9, 1990 (see references in Introduction). 
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Br + 0 3 ~ BrO + O2 

fur = - 130 kj'mol- I 

Rate coefficient data 

k/cm3 molecule -I S-1 

Absolute Rate Coefficients 
3.28 x lO-l1 exp[ - (944 ± 30)/T] 
(1.42 ± 0.03) x lO-12 
1.50 X 10- 11 exp[-(775 ± 30)/T] 
(1.11 ± 0.07) x lO-12 

Reviews and Evaluations 
1. 7 x lO -11 exp( - 800/T) 
1.7 x lO-l1 exp( - 800/T) 

Comments 

Ternp./K 

248-418 
298 
195-392 
298 

220-360 
220-360 

(a) Discharge flow system. First-order decay of Br atoms 
in the presence of excess 0 3 monitored by resonance 
fluorescence. 

(b) Laser flash photolysis system with resonance fluores
cence detection of Br atoms used. Br atoms were pro
duced by the 355 nm photolysis of Br2. 

(c) Based on the results of Toohey et al.,1 Clyne and 
Watson,S Leu and DeMore,6 Michael et al.7 and 
Michael and Payne.8 

(d) Based on the results of Refs. 1, 2, and 5-8. 

Preferred Values 

k = 1.2 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 
k = 1.7 X 10- 11 exp( -800fT) cm3 molecule-1 S-1 over 

the temperature range 195-392 K. 

Reliability 
~log k = ± 0.08 at 298 K. 
~(EfR) = ±200 K. 

Reference 

Toohey, Brune, and Anderson, 19881 

Nicovich, Kreutter, and Wine, 19902 

IUP AC, 19893 

NASA,19904 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(c) 
(d) 

The recommended Arrhenius expression is unchanged 
from that given in the previous evaluation, IUPAC, 1989.3 

It is based on a fit to the results of Toohey et al., I Clyne 
and Watson,S Leu and DeMore,6 Michael et al.,' Michael 
and PayneS and the recent results of Nicovich et al./ 
which are in excellent agreement with the average of all 
earlier studies. 

References 

10. W. Toohey, W. H. Brune, and J. G. Anderson, Int. J. Chern. Kinet. 
20, 131 (1988). 

2J. M. Nicovich, K. D. Kreutter, and P. H. Wine, Int. J. Chern. Kinet. 
22, 399 (1990). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
sM. A. A. Clyne and R. T. Watson, J. Chern. Soc. Faraday Trans. 1,71, 
336 (1975). 

6M. T. Leu and W. B. DeMore, Chern. Phys. Lett. 48, 317 (1977). 
7J. V. Michael, J. H. Lee, W. A. Payne, and L. J. Stief, J. Chern. Phys. 

. 68, 4093 (1978). 
IlJ. V. Michael and W. A. Payne, Int. J. Chern. Kinet. 11, 799 (1979). 
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Br + N02 + M ~ BrN02 + M 

MfO = -82 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

kolcm3 molecule -1 S-1 

Absolute Rate Coefficients 
(3.7 ± 0.7) x 10-31 [He] 
(2.75 ± 0.55) x 10-31 [He] 
4.24 x 10-31(T/300)-Z4 [Nz] 

Comments 

Temp.1K 

298 
298 
259-346 

(a) Discharge flow study with EPR and MS detection. 
Pressure range = 0.6-2.1 Torr. 

(b) Laser flash photolysis-resonance fluorescence study 
over the pressure range 12.5-700 Torr. Bath gases 
He, Ar, H2, N2, CO2, CF4, and SF6• Falloff curves 
were analyzed with a theoretically modeled value of 
Fe = 0.59 at 259 K, 0.55 at 298 K, and 0.50 at 346 K. 
Approach of equililbrium was observed at higher 
temperatures, leading to the reaction enthalpy given 
above. 

Reference 

Mellouki et al., 19891 

Kreutter, Nicovich, and Wine, 19912 

Preferred Values 

Comments 

(a) 
(b) 

ko = 4.2 X 10-31 (T/300)-2.4 [Nz] cm3 molecule- 1 S-1 

over the temperature range 200-300 K. 

Reliability 
Alog ko = ± 0.3 at 300 K. 
&z = ±1. 

Comments on Preferred Values 
The recommended values of Ref. 2 are consistent with 

theoretical predictions. The falloff curves are repre
sented with Fe =0.55 at 298 K. 

High-pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 
2.66 x 10- 11 

Comments 

(a) See comment (b) for ko. 

Preferred Values 

Temp.1K 

259-346 

krr. = 2.7 X 10- 11 cm3 molecule- l 
S-I, independent of 

temperature over the range 200-300 K. 

Reliability 
Alog koo 

300K. 
± 0.4 over the temperature range 200-

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Krcutter, Nicovich, and Wine, 19912 (a) 

Comments on Preferrred Values 
See comments on ko• There is only a single determina

tion of krJ:. but the measured falloff curve looks well be
haved with a rate coefficient close to those of the 
reactions I + NO + M and I + N02 + M (see this eval
uation). 

References 

lAo Mellouki, G. Laverdct, J. L. Jourdain, and G. Pouret, Int. J. Chern. 
Kinet. 21, 1161 (1989). 

2K. D. Kreutter, J. M. Nicovich, and P. H. Wine, J. Phys. Chern. 95, 4010 
(1991). 
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Br + OCIO ~ BrO + CIO 

aIr = 14 kJ'mol- 1 

Rate coefficient data 

k/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 
(5.2 ± 0.5) x 10- 14 

4.2 X 10- 13 

2.4 X 10- 11 exp( -1320/T) 
2.82 x 10- 13 

Reviews and Evaluations 
2.6 x 10- 11 exp( -13oo/T) 
2.6 x 10- 11 exp( -13oo/T) 

Comments 

Temp./K 

300 
298 
267-423 
299 

200-450 
200-300 

(a) Discharge flow system with uy absorption detection 
ot OCIO. High concentrations of Hr and aCIO were 
employed under second order kinetic conditions. 

(b) Discharge flow system with MS detection of OClO 
decay in excess Br. Decays were first order and com
puter fitting was used to compensate for the reverse 
reaction. 

(c) Discharge flow system with resonance fluorescence 
detection of Br decay in excess OCIO. 

(d) See Comments on Preferred Values. 
(e) Based on the data of Toohey3 and Clyne and Wat

son.2 

Preferred Values 

k = 3.4 X 10- 13 cm3 molecule- l S-1 at 298 K. 
k = 2.6 X 10- 11 exp( -1300IT) cm3 molecule- l S-1 

over the temperature range 200-450 K. 

Reliability 
L\log k = ± 0.3 at 298 K. 

Reference 

Clyne and Coxon, 19671 

Clyne and Watson, 19752 

Toohey, 19883 

IUPAC, 19894 

NASA,19905 

/l.(EIR) = ±300 K. 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(c) 

(d) 
(e) 

This data sheet is reproduced from our previous evalu
ation, 1UPAC, 1989.4 The preferred value at 2Y~ K is the 
mean of the values reported by Toohef and Clyne and 
Watson.2 The latter study required correction for the ef
fect of the reverse reaction on the decay, which was not 
taken into account in the earlier study of Clyne and 
Coxon l and which is therefore disregarded. The tempera
ture dependence of Toohef is accepted. 

References 

1M. A. A. Clyne and J. A. Coxon, Proc. Roy. Soc. A298, 424 (1967). 
2M. A. A. Clyne and R. T. Watson J. Chern. Soc. Faraday Trans. 1,73, 
1169 (1977). 

3D. W. Toohey, "Kinetic and Mechanistic Studies of Reactions of 
Bromine and Chlorine Species Important in the Earth's Stratosphere," 
Ph.D. Thesis, Harvard University, Cambridge, MA (1988). 

4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
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Br + CI20 ~ BrCI + CIO 

!UfO = -77 kJ'mol- 1 

Rate coefficient data 

kfcm3 molecule- 1 S-1 

Absolute Rate Coefficients 
2.1 X 10- 11 exp[ - (520 ± 260)fT] 
(3.79 ± 0.38) x 10- 12 

Reviews and Evaluations 
2.0 x 10- 11 exp( -500fT} 

comments 

Temp./K 

22{}-298 
298 

22{}-300 

(a) Flash photolysis (A > 300 nm) of Brz-C}zO mixtures 
in 100 Torr Ar. Rate of formation of CIO radicals in 
presence of excess [ChO] monitored by long-path 
UV absorption at 275.2 nm. 

(b) Based on results of Sander and Friedl. I 

Preferred Values 

k = 3.8 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 
k = 2.1 X 10-11 exp( -520fT) cm3 molecule- 1 S-1 over 

the temperature range 220-298 K. 

Reliability 
Lllog k = ± 0.3 at 298 K. 
Ll(E/R) = ±300 K. 

Reference Comments 

Sander and Friedl, 19891 (a) 

NASA,19902 (b) 

Comments on Pre/erred Values 
The preferred value accepts the results of the study by 

Sander and FriedP in which the rate of formation of CIO 
radicals was measured by long-path UV absorption fol
lowing the flash photolysis of Br2 - ChO mixtures. The 
significan tly lower (by a factor of 4) value reported earlier 
by Basco and Dogra3 has been rejected. In that same 
study Basco and Dogra3 reported a value of k(CI + ChO) 
more than two orders of magnitude less than that recom
mended in this evaluation, suggesting the possibility of a 
systematic error in their method of determination of 
[CIO]. 

References 

IS. P. Sander and R. R. Friedl, J. Phys. Chern. 93, 4764 (1989). 
2NASA Evaluation No.9, 1990 (see references in Introduction). 
3N. Basco and S. K. Dogra, Proc. Roy. Soc. London A, 323, 401 (1971). 

Br + Cb02 ~ BrCI + CIOO 

MlO = -130 kJ'mol- 1 

k/cm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
(3 ;: 2) x 10-12 298 

Reviews and Evaluations 
3.0 x 10- 12 298 

Comments 

(a) Discharge flow - mass spectrometric study. 

Rate coefficient data 

Reference Comments 

Friedl, 1991 1 (a) 

NASA,19902 (b) 

Comments on Preferred Values 
The preferred value is based on results of the discharge 

flow - mass spectrometric study of Friedl.1 

(b) Based on results of the absolute rate study of Friedl. I 

References 
Preferred Values 

IR. R. Friedl, manuscript in preparation (1991). 

k = 3.0 X 10-12 cm3 molecule- 1 S-1 at 298 K. 
2NASA Evaluation No.9, 1990 (see references in Introduction). 

Reliability 
Lllog k = ± 0.3 at 298 K. 
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Br + HCHO ~ HBr + HCO 

MlO = -2.4 kJ'mol- 1 

Rate coefficient data 

Absolute Rate Coefficients 
2.97 x 10- 11 exp[ - (1015 ± 70)/T] 
(9.4 ± 0.8) x 10- 13 

Reviews and Evaluations 
1. 7 x 10 -11 exp( - 800fT) 
1. 7 x 10 - 11 exp( - 8oo/T) 

Comments 

Temp./K 

295~80 

295 

223~80 

223~80 

(a) Discharge flow system with MS detection of HCHO, 
with the Br atom concentration in excess. The earlier 
data of Le Bras et al. 5 were shown to be in error due 
to secondary reactions of Br atoms with HCO. 

(b) See Comments on Preferred Values. 
(c) Based un a least-syuares analysis of the absolute rate 

coefficient data of Nava et al.6 and Poulet et al.1 

Preferred Values 

k = 1.0 X 10- 12 em3 molecule- 1 S-1 at 298 K. 
k = 1.7 x 10-11 exp( - 800fT) em3 molecule -1 s -lover 

the temperature range 223-480 K. 

Reliability 
~log k = ±0.15 at 298 K. 
~(EfR) = ±250 K. 

Reference 

Poulet, Laverdet, and Le Bras, 19811 

CODATA, 19842; JUPAC, 19893 

NASA,19904 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(c) 

This data sheet is reproduced from our previous evalu
ation, CODATA, 1984.2 The preferred rate expression is 
obtained from a least-squares analysis of the absolute 
rate coefficient data of Nava et al.6 and Poulet et al.,t 
which are in reasonably good agreement. 

References 

IG. Poulct, G. Laverdet, and G. Le Bras, J. Phys. Chern. 85,1892 (1981). 
2CODATA, Supplement II, 1984 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
sG. Le Bras, R. Foon, and J. Cambourieu, Chern. Phys. Lett. 73,357 

(1980). 
liD. F. Nava, J. V. Michael, and L. J. Stief, J. Phys. Chern. 85, 1896 
(1981). 

Br + CHaCHO ~ HBr + CHaCO 

molecule -1 S-1 

Absolute Rate Coefficients 
1.51 x 10- 11 exp[ -(364 ± 41)/T] 
4.45 x 10- 12 

Reviews and Evaluations 
3.6 x 10- 12 

Temp./K 

255~00 

298 

298 

Rate coefficient data 

Reference Comments 

Nicovich el al., 19901 (a) 

IUPAC, 19892 (b) 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Pulsed laser photolysis system with resonance fluo
rescence detection of Bf atoms. Bromine atoms gen
erated by photolysis of Br2 at 355 nm, and 
experiments carried out with initial Br atom concen
trations :s; 3.5 x 1010 molecule cm -3. 

(b) Derived from the absolute and relative rate coeffi
cient studies of Islam et al.3 and Niki et al.,4 respec
tively. 

Preferred Values 

k = 3.9 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 
k = 1.3 X 10-11 exp( -360fT) cm3 molecule- 1 S-I over 

the temperature range 250-400 K. 

Reliability 
J:1log k = ± 0.2 at 298 K. 
A(E /R) = :!: 200 K. 

Mr = -132.9 kJ'mol- 1 

Comments on Preferred Values 
The preferred 298 K rate coefficient is the average of 

absolute rate coefficients of Nicovich et al.1 and Islam 
et al.3 and the relative rate coefficient of Niki et al.4 The 
temperature dependence is that measured by Nicovich 
et al., I with the A factor being adjusted to yield the 298 K 
preferred value. The preferred room temperature rate 
coefficient is consistent with the recent relative rate stud
ies of Barnes et al.s and Wallington et al.6 [which do not 
provide definitive data concerning the rate constant for 
the reaction of Br atoms with CH3CHO]. 

References 

11. M. Nicovich, C. J. Shackelford, and P. H. Wine, J. Photochem. Pho
tobiol., A: Chemistry, 51, 141 (1990). 

2IlJPAC, Supplement ITT, lQRQ (Sp.p' rp.ferp.nces in Introduction). 
3-f. S. A. Islam, R. M. Marshall, and S. W. Benson, Int. J. Chern. Kinet. 

16, 1161 (1984). 
4H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, Int. 1. 
Chern. Kinet. 17.525 (1985). 

51. Barnes, V. Bastian, K. H. Becker, R. Overath, and Z. Tong, Int. 1. 
Chern. Kinet. 21,499 (1989). 

liT. J. Wallington, L. M. Skewes, W. O. Siegl, and S. M. Japar, Int. J. 
Chern. Kinet. 21, 1069 (1989). 

Rate coefficient data 

Absolute Rate Coefficients 
(1.12 ± 0.045) x 10- 11 

(1.1 ± 0.1) x 10- 11 

Reviews and Evaluations 
1.1 x 10- 11 

1.1 X 10- 11 

Comments 

Temp./K 

298 
298 

249-416 
200-300 

(a) Flash photolysis system with LIF detection of HO 
radicals. 

(b) Laser flash photolysis system with resonance fluores
cence detection and laser flash photolysis system with 
LIF detection used, resulting in rate coefficients of 
(1.14 :!: 0.03) x 10- 11 and (1.07 :t 0.03) x 10 11 cm3 

molecule -I s -I, respectively. 
(c) See Comments on Preferred Values. 
(d) Based on the results of Ravishankara et al., 2,5 

Jourdain et al.6 and Cannon et al. 1 

Preferred Values 

k = 1.1 X 10- 11 cm3 molecule- I S-I over the tempera
ture range 249-416 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Cannon et aI., 19841 

Ravishankara, Wine and Wells, 19852 

IUPAC, 19893 

NASA,19904 

Reliability 
J:11og k = ± 0.1 at 298 K. 
J:1(E/R) = ±250 K. 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 
(d) 

This data sheet is reproduced from our previous evalu
ation, IUPAC, 1989.:3 The preferred 298 K rate coeffi
cient is based on the results· of Ravishankara et al.,2.s 
Jourdain et al.6 and Cannon et al.1 with the temperature 
independence being based on the results of Ravishankara 
et al.s Ravishankara et al.2 monitored HBr in the UV and 
have suggested that HBr adsorption on surfaces might be 
source of error in the lower determinations. 
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References 

IB. D. Cannon, J. S. Robertshaw, I. W. M. Smith, and M. D. Williams, 
Chern. Phys. Lett. lOS, 380 (1984). 

2A. R. Ravishankara, P. H. Wine, and J. R. Wells, J. Chern. Phys. 83, 
447 (1985). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 

4NASA Evaluation No.9, 1990 (see references in Introductjon). 
5 A. R. Ravishankara, P. H. Wine, and A. O. Langford, Chern. Phys. 

Leu. 63, 479 (1979). 
6J. L. Jourdain, G. Le Bras, and J. Cornbourieu, Chern. Phys. Leu. 78, 
483 (1981). 

HO + Br2 ~ HOBr + Br 

AIr = -38 kJ'mol- 1 

Rate coefficient data 

k/crn3 rnolecule- 1 S-l Ternp./K 

Absolute Rate Coefficients 
(5.28 ± 0.5) X 10- 11 298 
(2.8 ± 1.2) x 10- 11 262-303 
1.35 x 10 -11 exp( 400/T) 260-360 
5.2 x 10- 11 298 

Reviews and Evaluations 
1.2 x 10- 11 exp(400/T) 260-360 
4.2 X 10- 11 200-300 

Comments 

(a) Discharge flow system with resonance fluorescence 
detection of HO. 

(b) Discharge flow system with LMR detection of HO 
radicals. 

(c) See Comments on Preferred Values. 
(d) Based on results of Loewenstein and Anderson,1 

Boodaghians et al.2 and Poulet et al.6 

Preferred Values 

k = 4.5 X 10- 11 cm3 molecule- 1 S-l at 298 K. 
k = 1.2 X 10-11 exp(400/T) cm3 molecule- 1 S-1 over 

the temperature range 260-360 K. 

Reliability 
~log k = ±0.15 at 298 K. 
~(E/R) = ±400 K. 

Reference Comments 

Lowenstein and Anderson, 1984' (a) 
Boodaghians et 01., 19872 (a) 
Toohey, 19883 (b) 

IUPAC, 19894 (c) 
NASA,19905 (d) 

Comments on Pre/en-ed Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.4 The rate constant is reasonably well 
determined at room temperature - the recommended 
value is the mean of the values reported in Refs. 1-3 and 
6. Boodaghians et al.2 found a near zero temperature de
pendence for 262-303 K. In contrast, the recent data of 
Toohey3 display a significant negative temperature de
pendence in the range 260-360 K. The latter result is pre
ferred, and the recommendation for E /R is based on this 
study. Loewenstein and Anderson l determined that the 
exclusive products are Br + HOBr. 

References 

IL. M. Loewenstein and J. G. Anderson, J. Phys. Chern. 88, 6277 (1984). 
2R. B. Boodaghians, I. W. Hall, and R. P. Wayne, J. Chern. Soc. Faraday 
Trans. 2, 83, 529 (1987). 

3D. W. Toohey, privute communication (1988). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 
6G. Poulet, G. Laverdet, and G. Le Bras, Chern. Phys. Lett. 94, 129 

(1983). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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/::JI0 = -74.0 kJ'mol- l 

Rate coefficient data 

klcm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
2.35 x lO-12 exp[ - (1300 ± 150)fT] 233-379 
(2.96 ± 0.36) x lO-14 298 
5.79 x lO-12 exp[-(1560 ± 150)IT] 250-400 
(2.96 ± 0.83) x lO-14 298 

Reviews and Evaluations 
7.6 x lO - 13 exp( - 890fT) 244-350 
2.60 X lO-IM T2exp( -521fT) 244-2000 
6.8 x lO-13 exp( -850IT) 244-350 

Comments 

(a) Las~r phutulysis syst~m with LIF d~t~cLiun uf HO. 
(b) Flash photolysis system with resonance fluorescence 

detection of HO. 
(e) Derived from the rate eoefficient~ of Howard and 

Evenson7 and Davis et al.s. 
(d) Derived from the rate coefficients of Howard and 

Evenson7
, Davis et al.8 and Wilson9

• 

Preferred Values 

k = 3.0 X 10-14 cm3 molecule- I S-I at 298 K. 
k = 1.9 X 10- 12 exp( -1240IT) cm3 molecule- I S-I 

over the temperature range 240-300 K. 

Reliability 
~log k = ±0.10 at 298 K. 
~(EIR) = ±200 K. 

Comments on Preferred Values 
The recent absolute rate coefficient measurements of 

Mellouki et aJ. 1 and Zhang et al.2, are significantly lower 
than those previously determined by Howard and Even-

Reference Comments 

Mellouki et al., 19921 (a) 

Zhang et aI., 19922 (b) 

CODATA, 198Q3; IUPAC, 19894 (c) 
Atkinson, 198~ (d) 
NASA,19906 (c) 

son7 and Davis et al.s • The rate coefficients of Mellouki 
et al.1 and Zhang et al. 2 are in good agreement, and a 
unh-wdghL~d l~ast-squar~s analysis uf Lh~ raL~ cueffi
cients of Mellouki et al. 1 and Zhang et al. 2, using the three 
parameter expression k = CT 2 exp( - D IT), leads to k = 
~.62 X 10-18T2 exp (-711fT) em3 moleeule- 1 ~-1 over 
the temperature range 233-400 K. The preferred Arrhe
nius expression, k = A exp ( -BIT), is centered at 265 K 
and is derived from three parameter expression with A = 
C e2T2 and B = D + 2T. 

References 

1 A. Mellouki, R. K. Talukdar, A.-M. Schmoltner, T. Gierczak, M. J. 
Mills, S. Solomon and A. R. Ravishankara, Geophys. Res. Lett. 19, 
2059 (1992). 

2Z. Zhang, R. D. Saini, M. J. Kurylo and R. E. Huie, Geophys. Res. 
Lett., in press (1992). 

3CODATA, 1980 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
sR. Atkinson, J. Phys. Chern. Ref. Data, Monograph 1, 1 (1989). 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
7c. J. Howard and K. M. Evenson, J. Chern. Phys. 64, 197 (1976). 
MD. D. Davis, G. Machado, B. C. Conaway, Y. Oh, and R. T. Watson, 
J. Chern. Phys. 65, 1268 (1976). 

"W. E. Wilsun, Jr., 10th Int. Sympusium un CumbustiulI, 1964; The 
Combustion Institute, Pittsburgh, PA, 1965, p. 47. 

Rate coefficient data 

Absolute Rate Coefficients 
4.4 x lO-13 exp[ -(lO50 ± 400)/T] 
(1.3 ± 0.3) x lO-14 
7.4 X 10- 13 exp[ -(1300 ± 100)fT] 
(1.06 ± 0.08) x 10- 14 

Temp./K 

275-420 
298 
233-352 
298 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Brown et al., 19901 

Talukdar et al., 19912 

Comments 

(a) 

(b) 
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Comments 

(a) Discharge flow system with resonance fluorescence 
detection of HO. The stated purity level of the 
CHF2Br sample used was 94.23%, with the major im
purities being CHF2CI, C3F6H2' CHF2CF2Cl, C3F6, 
C4F6 and C3FsH. 

(b) Laser photolysis system with LIF detection of HO 
and a discharge flow system with LMR detection of 
HO used. 

Preferred Values 

k = 9.5 X 10- 15 cm3 molecule- I S-I at 298 K. 
k = 7.7 X 10-13 exp( -1310IT) cm3 molecule- I S-1 

over the temperature range 240-300 K. 

Reliability 
alog k = ± 0.2 at 298 K. 
il(EIR) = ±200 K. 

Comments on Preferred Values 
The rate coefficients measured by Talukdar et al.2 are 

consistently lower, by up to a factor of 2 at 275 K, than 
those of Brown et al., 1 possibly because of the presence of 
reactive impurities in the CHFzBr sample used by Brown 
et al.1 The rate coefficients of Talukdar et al.2 have been 
fitted to the three parameter equation k = CT2 exp( - D I 
T), resuhing in k = 1.48 X 10- 18 T2 exp( -779fT) cm3 

molecule- 1 
S-1 over the temperature range 233-432 K. 

The preferred Arrhenius expression, k = A exp( - BIT), 
is centered at 265 K and is obtained from the three 
parameter equation with A = C e2 T2 and B = D + 2T. 

References 

lk r. Rrnwn, C E rann~a-Ma~, k n Parr, K Rnthwdl, ancl R. P. 

Wayne, Nature 347, 541 (1990). 
2R. Talukdar, A. Mellouki, T. Gierczak, J. B. Burkholder, S. A. McKeen 

and A. R. Ravishankara, Science 252, 693 (1991). 

HO + CF3Br (Halon 1301) ~ products 

Rate coefficient data 

Absolute Rate Coefficients 
~ 1 X 10- 15 

<1 X 10- 16 

<1.7 X 10- Iti 

< 1 X 10- 16 

<2 X 10- 16 

Reviews and Evaluations 
< 1.2 x 10- 16 

Comments 

Temp./K 

298 
294 
297 
373 
424 

298 

(a) Discharge flow system with EPR detection of HO. 
(lJ) Las~r phutulysis syst~m with LIP detection of HO 

and discharge flow system with LMR detection of 
HO used. 

(c) R::.seo on the data of Burkholder et 01.2 

Preferred Values 

k < 1 X 10- 16 cm3 molecule- 1 S-1 at 298 K. 

Reference 

Le Bras and Combourieu, 19781 

Burkholder eJ a/., 199(! 

NASA,19903 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 

The preferred upper limit to the rate coefficient at 
298 K is based on the upper limits to the rate coefficients 
of < 1 x 10 16 cm3 molecule- 1 

S-1 determined by 
Burkholder et al.2 at 294 and 373 K. 

References 

IG. Le Bras and J. Combourieu, Int. J. Chern. Kinet. 10, 1205 (1978). 
2J. B. Burkholder, R. R. Wilson, T. Gierczak, R. Talukdar, S. A. McK

een, 1. 1. Orlando, G. L. Vaghjiani, and A. R. Ravishankara, 1. 
Geophys. Res. 96, 5025 (1991). 

3NASA Evaluation No.9, 1990 (see references in Introduction). 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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HO + CF2CIBr (Halon 1211) ~ products 

Rate coefficient data 

k/cm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
<1 X 10- 1S 293 
<2 x 10- 16 293 
<9 x 10- 17 297 
<7 x 10- 17 373 
<2 x 10- 16 424 

Reviews and Evaluations 
< 1.5 X 10- 16 298 

Comments 

(a) Discharge flow system with resonance fluorescence 
detection of HO. 

(b) Laser photolysis system with LIF detection of HO 
and discharge flow system with LMR detection of 
1-10 used. 

( c) Based on the study of Burkholder et al.,2 which is 
consistent with that of Clyne and Holt.1 

Preferred Values 

k < 1 X 10- 16 cm3 molecule- 1 S-1 at 298 K. 

Reference Comments 

Clyne and Holt, 19791 (a) 
Burkholder et al., 19912 (b) 

NASA,19903 (c) 

Comments on Preferred Values 
Based on the upper limits to the rate coefficients of < 1 

x 10- 16 cm3 molecule-I S-I determined by Burkholder 
et al.2 at 297 and 373 K. The preferred value is consistent 
with the earlier study of Clyne and Holt.I 

References 

1M. A. A. Clyne and P. M. Holt, J. Chern. Soc. Faraday Trans. 2, 75,569 
(1979). 

2J. B. Burkholder, R. R. Wilson, T. Gierczak, R. Talukdar, S. A. McK
een, J. J. Orlando, G. L. Vaghjiani, and A. R. Ravishankara, J. 
Geophys. Res. 96, 5025 (1991). 

3NASA Evaluation No.9, 1990 (see references in Introduction). 

HO + CF2Br2 (Halon 1202) ~ products 

Rate coefficient data 

Absolute Rate Coefficients 
<4.5 X 10- 16 

<5.9 X 10- 16 

<7.2 X 10- 16 

<9.2 X 10-16 

<3.7 X 10- 16 

<4.2 X 10- 16 

Reviews and Evaluations 
<5 x 10- 16 

Comments 

Temp./K 

293 
297 
325 
373 
384 
424 

298 

(a) Laser photolysis system with LIF detection of HO 
and discharge flow system with LMR detection of 
HO used. 

(b) Based on the study of Burkholder et al.1 

Preferred Values 

k < 5 X 10- 16 cm3 molecule- 1 S-1 at 298 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Burkholder el al., 19911 (a) 

NASA,19902 (b) 

Comments on Preferred Values 
Based on the sale study of Burkholder et al. I The pre

ferred upper limit to the rate coefficient at 298 K is con
firmed by the values of k ::;4 x 10-16 cm3 molecule-I S-I 
measured at 384 and 424 K. 

References 

IJ. B. Burkholder, R. R. Wilson, T. Gierczak, R. Talukdar, S. A. McK
een, J. J. Orlando, G. L. Vaghjiani, and A. R. Ravishankara, J. 
Geophys. Res. 96, 5025 (1991). 

2NASA Evaluation No.9, 1990 (see references in Introduction). 
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HO + CF3CHFBr (~alon 2401) ~ H20 + CF3CFBr 

Rate coefficient data 

Absolute Rate Coefficients 
1.13 x 1O- 12 exp[-(1250 ± 350)/TJ 
(1.7 ± 0.3) x 10- 14 

Comments 

Temp./K 

279-423 
298 

( a) Discharge flow system with resonance fluorescence 
detection of HO. The stated purity level of the 
CF3CIIFBr sample used was > 99.5%, with CF3CII2F 
and CHF2Br being the major impurities. 

Preferred Values 

k = 1.7 X 10- 14 cm3 molecule- 1 S-1 at 298 K. 
k = 1.1 X 10- 12 exp( 1250/T) cm3 mo]ecu]e- 1 S-1 

over the temperature range 270-430 K. 

Reference 

Brown e/ al., 19901 

Reliability 
~log k = ± 0.3 at 298 K. 
~(E/R) = ±500 K. 

Comments on Pre/e1Ted Values 

Comments 

(a) 

Based on the sole study of Brown et al., 1 with expanded 
uncertainty limits. 

Reference 

lAo C. Brown, C. E. Canosa-Mas, A. D. Parr, K. Rothwell, and R. P. 
Wayne, Nature 347, 541 (1990). 

HO + CF3CHCIBr (Halon 2311) ~ H20 + CF3CCIBr 

Rate coefficient data 

Absolute Rate Coefficients 
(6.0 ± 0.4) x 10- 14 

Comments 

Temp./K 

303 

(a) Discharge flow system with resonance fluorescence 
detection of HO. Stated purity level of the 
CF3CHCIBr sample used was > 99%. 

Preferred Values 

k = 5.8 X 10- 14 cm3 molecule- 1 S-I at 298 K. 

Reliability 
~log k = ± 0.3 at 298 K. 

Reference Comments 

Brown etal., 19901 (a) 

Comments on Preferred Values 
The preferred 298 K rate coefficient is based on the 

sole study of Brown et al., 1 extrapolated from 303 K to 
298 K by use of an Arrhenius equation and assuming an 
A factor of 1 x 10- 12 cm3 mo]ecule- I S-I. 

Reference 

I A. C. Brown, C. E. Canosa-Mas, A. D. Parr, and R. P. Wayne, Atmos. 
Environ. 24A, 2499 (1990). 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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HO + CF2BrCF2Br (Halon 2402) ~ products 

Rate coefficient data 

Absolute Rate Coefficients 
< 1.9 x 10-15 

< 1.3 X 10- 16 

< 1.4 X 10- 16 

<4 X 10-16 

Reviews and Evaluations 
<1.5 X 10- 16 

Comments 

Temp./K 

295 
296 
374 
424 

298 

(a) Laser photolysis system with LIF detection of HO 
and discharge flow system with LMR detection of 
HO used. 

(b) Based upon the rate coefficient data of Burkholder 
et al.1 

Preferred Values 

k < 1.3 X 10- 16 cm3 molecule- 1 S-1 at 298 K. 

Reference Comments 

Burkholder et al., 1991 1 (a) 

NASA, 19902 (b) 

Comments on Pre/erred Values 
The preferred 298 K rate coefficient is based on the 

sole study of Burkholder et al.1 The upper limit to the 
rate coe~ficient at 374 K of < 1.4 x 10-16 cm3 molecule- 1 

S-1 confirms the upper limit observed at 298 K. 

References 

IJ. B. Burkholder, R. R. Wilson, T. Gicrczak, R. Talukdar, S. A. McK
een, J. J. Orlando, G. L. Vaghjiani, and A. R. Ravishankara, J. 
Geophys. Res. 96, 5025 (1991). 

2NASA Evaluation No.9, 1990 (see references in Introduction). 

BrO + H02 ~ HOBr + O2 (1) 

~ HBr + 0 3 (2) 

Mr(l) = -220 kJ'mol- 1 

Mr(2) = - 33 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 ) 

k/cm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
(3.3 ± 0.5) x 10- 11 298 

Reviews and Evaluations 
5 x 10- 12 298 
5 x 10- 12 298 

Comments 

(a) Discharge flow system in which pseudo-first order 
decay of BrO in excess H02 was monitored by mass 
spectrometry. 

(b) Based on data of Cox and Sheppard5 and analogy 
with the CIO + H02 reaction. 

Preferred Values 

k = 3.3 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
k = 6.2 x 10- 12exp(500/T) cm3 molecule-Is-lover the 

temperature range 200-300 K. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Poulet et al. 19921 

CODATA, 19842; IUPAC, 19893 

NASA,19904 

Reliability 
dlog k = ± 0.5 at 298 K. 
d(E/R) = ± 500 K. 

Comments on Pre/erred Values 

Comments 

(a) 

(b) 
(b) 

The preferred 298 K rate coefficient is based on the 
recent study of Poulet et al. J in which BrO decay in excess 
H02 was monitored by DF/MS. The only product ob
served was HOBr; however, the possible production of 
HBr requires further study. These new results are pre
ferred over those reported in the earlier study of Cox and 
Sheppard5 by molecular modulation - UV absorption in 
which a much lower value (factor of 6) was reported. The 
temperature dependence is our estimate, based on anal
ogy with the CIO + H02 reaction. 
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References 

1G. Poulet, M. Pirre, F. Maguin, R. Ramaroson, and G. Le Bras, 
Geophys. Res. Lett. 19, 2305 (1992). 

2CODATA, Supplement II, 1984 (see references in Introduction). 

aIr = - 156 kJ'mol-1 

3IUPAC, Supplement III, 1989 (see references in Introduction). 
4NASA Evaluation No.9, 1990 (see references in Introduction). 
5R. A. Cox and D. W. Sheppard, J. Chern. Soc. Faraday Trans. 2, 78, 

1383 (1982). 

Rate coefficient data 

Relative Rate Coefficients 
<R x 10- 14 

<4 X to- 15 

Reviews and Evaluations 
<5 x to- 15 

<5 X to-IS 

Comments 

Temp./K 

293 
298 

298 
298 

(a) Discharge flow system with UV absorption detection 
of BrO and 0 3• 

(b) Flash photolysis system with UV absorption detec
tion of BrO and 03. Upper limit was placed on k by 
monitoring a[03] as a function of [BrO]o in presence 
of a large excess concentration of 0 3• 

(c) See Comments on Preferred Values. 
(d) Based on data of Sander and Watson.2 

Preferred Values 

k < 5 X 10- 15 cm3 molecule- I 
S-I at 298 K. 

Reference 

Clyne and Cruse. 19701 

Sander and Watson, 19812 

CODATA. 19803: IUPAC. 19894 

NASA,19905 

Comments on Prefen'ed Values 

Comments 

(a) 
(b) 

(c) 
(d) 

This data sheet is reproduced from our previous evalu
ation, CODATA, 1980.3 The upper limit is based on re
sults reported by Sander and Watson.2 There is no 
evidence for this reaction. The analogous CIO reaction 
has a rate constant of < 10- 1

!! cm3 molecule- 1 S-I. 

References 

1M. A. A. Clyne and H. W. Cruse, Trans. Faraday Soc. 66, 2214 (1970). 
2S. P. Sander and R. T. Watson, J. Phys. Chern. 85, 4000 (1981). 
3CODATA, 1980 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5NASA Evaluation No.9, 1990 (see references in Introduction). 

BrO + NO ~ Br + N02 

aIr = -70 kJ'mol- 1 

Rate coefficient data 

Temp./K Reference Comments 

Absolute Rate Coefficients 
(2.5 ± 0.8) x to- 12 293 Clyne and Cruse, 19701 (a) 
(2.2 ± 0.4) x to- ll 298 Clyne and Watson, 19752 (b) 
(2.2 ± 0.2) x 10- 11 298 Ray and Watson, 19813 (b) 
1.28 x to - 11 exp( 181fT) 224-398 Watson, Sander, and Yung, 19794 (c) 
(2.15 ± 0.25) x 10- 11 298 
7.11 x to- 12 exp(296/T) 230-425 Leu, 19795 (b) 
(1.89 ± 0.16) x 10- 11 298 

Reviews and Evaluations 
8.7 x 10- 12 exp(260/T) 224-425 CODATA, 19806

; IUPAC, 19897 (d) 
8.8 x to- 12 exp(260/T) 200-300 NASA,1990K (e) 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) Discharge flow system with UV absorption detection 
of BrO. 

(b) Discharge flow system with MS detection of BrO. 
( c) Flash photolysis system with UV absorption detec

tion of BrO. 
(d) See Comments on Preferred Values. 
(e) Based on data of Clyne and Watson,2 Ray and Wat

son,3 Watson et a1.4 and Leu.s 

Preferred Values 

k = 2.1 X 10- 11 cm3 molecule-1 S-1 at 298 K. 
k = 8.7 X 10-12 exp(260/T) cm3 molecule- t S-1 over 

the range 224-42.5 K_ 

Reliability 
L\log k = ±0.1 at 298 K. 
L\(EIR) = ± 100 K. 

Comments on Pre/erred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1980.6 The results of the three low pres
sure mass spectrometric studies2.3•

s and the high pressure 
UV absorption study,4 which all used pseudo-first-order 

conditions, are in excellent agreement at 298 K and are 
considered to be more reliable than the earlier low pres
sure UV absorption study of Clyne and Cruse. l The re
sults of the two temperature dependence studies4

,5 are in 
good agreement. The preferred Arrhenius expression 
was derived from a least-squares fit to all the data in 
Refs. 2-5. By combining the data reported in the high 
pressure UV absorption study4 with those from the mass 
spectrometric studies,2.3.s it can be shown that this reac
tion does not exhibit any observable pressure dependence 
between 1 mbar and 1 bar total pressure. The tempera
ture dependences of the rate coefficient for the 
analogous CIO and H02 reactions are also negative and 
similar in magnitude. 

References 

1M. A. A. Clyne and H. W. Cruse, Trans. Faraday Soc. 66, 2227 (1970). 
2M. A. A. Clyne and R. T. Watson, J. Chern. Soc. Faraday Trans. 1,71, 
336 (1975). 

30. W. Ray and R. T. Watson, J. Phys. Chern. 8S, 2955 (1981). 
4R. T. Watson, S. P. Sander, and Y. L. Yung, J. Phys. Chern. 83, 2936 

(1979). 
SM. T. Leu, Chern. Phys. Lett. 61, 275 (1979). 
hCODATA, 1980 (see references in Introduction). 
7IUPAC, Supplement III, 1989 (see references in Introduction). 
KNASA Evaluation No.9, 1990 (see references in Introduction). 

BrO + N02 + M ~ BrON02 + M 

Mr = -111 kJ'rnol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

ko/cm3 molecule -1 S-1 Temp./K 

Absolute Rate Coefficients 
(5.0 ± 1.0) x 10-31 [N2] 298 
(4.2 ± 0.8) x 10-31(T/298)-2() [02] 263-343 
5.7 x 1O-31(TI298)-31 [N2] 251-346 

Reviews and Evaluations 
5.0 x 1O-31(TI300)-30 [N2] 200-300 
.5.2 x 1O-1'(TI300)-1N [ail] 200-300 

Comments 

(a) Two independent studies conducted, one using a dis
charge flow MS technique for pressures 1-6 Torr, the 
other using a flash photolysis-UV absorption tech
nique for pressures 50-700 Torr. BrO was formed by 
the reaction Br + 0 3 ~ BrO + O2. A major part of 
the falloff curve was observed and analyzed with Fe 
= 0.4 at 298 K. 

(b) BrO was generated by laser photolysis of 0 3 at 248 
nm in the presence of Br2 and monitored by time-

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Sander, Ray, and Watson, 19811 (a) 
Danis et al., 19902 (b) 
Thorn, Daykin, and Wine, 19913 (c) 

CODATA, 19824
; IUPAC, 19895 (d) 

NASA, 19906 (c) 

resolved MS. Rate coefficients were measured at to
tal pressures below 12 Torr. Falloff curves were 
extrapolated using Fe = exp( - T 1325). 

(c) BrO produced by laser flash photolysis at 351 nm of 
N02-Br2-N2 mixtures and monitored by long-path 
(550 cm) absorption at 338 nm. Pressure range = 16-
800 Torr. 

(d) Based on Ref. 1. The temperature coefficient was es
timated by analogy with the CIO + N02 reaction. 

(e) Mainly based on Ref. 1. 
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Preferred Values 

ko = 4.7 X 10-31(T/300)-31 [N2] cm3 molecule- 1 S-1 

over the temperature range 200-300 K. 

Reliability 
~log ko = ±0.1 at 300 K. 
~ = ±l. 

Comments on Preferred Values 
The preferred values represent an average3 of the data 

from Refs. 1-3, with falloff extrapolations based on Fc = 
exp( - T/327). 

High-pressure rate coefficients 

Rate coefficient data 

k""/cm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
(2~n) x 10- 11 298 
(2.0 ± 1.0) X 1O- 11(TI298V 1 263-343 
1.8 x 1O-1l(T/298)-II(J 251-346 

Reviews and Evaluations 
2 x 10- 11 200-300 
Y.U X W- 1Z(TlJUUr:Z3 2UtJ-JUU 

Comments 

(a) - (c) See Comments (a) - (c) for ko• 
(d) Estimated by analogy with the CIO + N02 reaction. 
(e) Based on Refs. 1 and 3. 

Preferred Values 

koo = 1.7 X 10-1l(T/298)-06 cm3 molecule- 1 S-1 over 
the temperature range 200-300 K. 

Reliability 
~Iog krs> ± 0.1 at 298 K. 
/In = ±l. 

Reference Comments 

Sander, Ray, and Watson, 1981 1 (a) 
Danis et al., 19902 (b) 
Thorn, Daykin, and Wine, 199P (c) 

CODATA, 19824
; IUPAC, 19895 (d) 

NASA,1990n (e) 

Comments on Preferred Values 
See comment on ko• A temperature independent value 

of koo, such as generally adopted in this evaluation, would 
also be compatible with the available data. 

References 

IS. P. Sander, G. W. Ray, and R. T. Watson, J. Phys. Chern. 85, 199 
(1981). 

2F. Danis, F. Caralp, J. Masanet, and R. Lesclaux, Chern. Phys. Lett. 
167,450 (1990). 

3R. P. Thorn, E. P. Daykin, and P. H. Wine, Int. J. Chern. Kinet., in 
press. 

4CODATA, Supplement I, 1982 (see references in Introduction). 
5IUPAC. Supplement III. 1989 (see references in IntTOduction)_ 
6NASA Evaluation No.9, 1990 (see references in Introduction). 
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BrO + CIO ~ Br + OCIO (1) 

~ Br + ciao (2) 

~ BrCI + O2 (3) 

MfO(l) "'" -14 kJ'mol- 1 

MfO(2) = -18 kJ'mol- 1 

MfO(3) = -212 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 + k3) 

k/cm3 molecule -I S-I 

Absolute Rate Coefficients 
(1.13 ± 0.15) x 10- 11 

2.59 X 10- 12 exp[(445 ± 50)/T] 
(1.08 ± 0.20) x 10- 11 

Branching Ratios 
kl/k = 0.43 ± 0.10 
kJlk = 0.12 ± 0.05 
kl/k = 0.51 ± 0.09 
k2lk 0.36 ± 0.07 
kik = 0.10 ± 0.02 
kl/k = 0.48 ± 0.07 
k2lk = 0.46 ± 0.09 
kik = 0.09 ± 0.02 
kl/k = 0.39 ± 0.07 
k2lk = 0.52 ± 0.11 
kJlk = 0.09 ± 0.02 

Reviews and Evaluations 
kl = 1.9 X 10- 12 exp(390/T) 
(k2 + k3) = 3.9 x 10- 12 exp(140/T) 
kl = 1.6 X 10- 12 exp(430/T) 
k2 = 2.9 x 10 -12 exp(220/T) 
k3 = 5.8 X 10- 13 exp(170/T) 

Comments 

Temp./K 

298 
234-406 
304 

298 
298 
250 
250 
250 
304 
304 
304 
406 
406 
406 

200-400 
200-400 
220-400 
220-400 
220-400 

(a) Discharge flow system with MS detection of Bra, 
C10, OC10, ~nci RrCL Psenrlo-first-orcier ciec<lys of 
Bra were monitored in the presence of excess CIa. 
cIa was produced by Cl + OCIO; Bra by Br + 03. 

(b) Discharge flow system with MS detection of Bra, 
CIa, OClO, and BrCI. Pseudo-first-order decays of 
Bra were monitored in the presence of excess cia. 
cia produced by CI + 0 3 or CI + ChO; Bra by 
a + Br2 or Br + 0 3• 

(c) Based on the room temperature results of Clyne and 
WatsonS and Toohey and Anderson6 and the temper
ature dependent data of Sander and Friedf and 
Friedl and Sander.8 

(d) Accepted the Arrhenius expressions reported by 
Friedl and Sander8 for the individual reaction chan
nels, as supported by the data of Clyne and Watson,S 
Toohey and Anderson,6 Sander and Friedl7 and 
Poulet et al. 1 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference 

Poulet el al., 19901 

Turnipseed, Birks, and Calvert, 19912 

Poulet et al., 19901 

Turnipseed, Birks, and Calvert, 19912 

IUPAC, 19893 

NASA,19904 

Preferred Values 

Comments 

(a) 
(b) 

(a) 

(b) 

(c) 

(d) 

kl = 6.8 X 10- 12 cm3 molecu]e- 1 S-1 at 298 K. 
k2 = 6.1 X 10- 12 cm3 molecnle- 1 S-1 M 298 K. 
k3 = 1.0 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 
kl = 1.6 X 10- 12 exp(430/T) cm3 molecule- 1 

S-1 over 
the temperature range 220-400 K. 

k2 = 2.9 X 10- 12 exp(220/T) cm3 molecule- 1 
S-1 over 

the temperature range 220-400 K. 
k3 = 5.8 X 10- 13 exp(170/T) cm3 molecule- 1 S-1 over 

the temperature range 220-400 K. 

Reliability 
~log kl = ~log k2 = dlog k3 = ±0.1 at 298 K. 
~(El/R) = ~(E-jR) = d(E3/R) = ±200 K. 
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Comments on Preferred Values 
In recent years there has been a substantial improve

ment in the data-base for this rate coefficient. Friedl and 
Sander,8 using discharge flow-mass spectrometry tech
niques, measured the overall rate constant over the tem
perature range 220-400 K and also over this temperature 
range determined directly the branching ratios for the re
action channels producing BrCI and DCID. In a separate 
study the same authors, using flash photolysis-ultraviolet 
absorption techniques,7 determined the overall rate con
stant over the temperature range 220-400 K and pressure 
range 50-750 Torr and also determined the branching ra
tio for OCIO production at 220 K and 298 K. The results 
by these two independent techniques7.8 are in excellent 
agreement, with the overall rate constant showing a neg
ative temperature dependence. Toohey and Andelson/; 
using discharge flow-resonance fluorescence/LMR tech
niques, reported room temperature values of the overall 
rate constant and the branching ratio for OC)O produc
tion. They also found evidence for the direct production 
of BrCI in a vibration ally excited 'IT state.6 Poulet et al.,l 
using discharge flow-mass spectrometry techniques, re
ported room temperature vaJues of the overaH rate con
stant and branching ratios for DClO and BrCI 
production. 

All the above~mentioned results1
.6-8 are in reasonably 

good agreement. Hills et al.,9 using a discharge flow-mass 
spectrometry technique, obtained an overall rate con
stant which was independent of temperature over the 
range 241-'-308 K and substantially lower than the room 
temperature average of the above mentioned studies; 
they also reported no BrCI production. Room tempera
ture overall rate constant values reported also include 

that from the discharge flow-mass spectrometry study of 
Clyne and Watson5 and the very low value derived in the 
flash photolysis study of Basco and DogralO using a differ
ent interpretation of the reaction mechanism. 

The recommended Arrhenius expressions for the indi
vidual reaction channels are taken from the study of 
Friedl and Sander. 8 This study and the recent study of 
Turnipseed et al. 2 contain the most comprehensive sets of 
rate coefficient and branching ratio data. The overall rate 
coefficients reported in these two studies are in good 
agreement (within 20%) at room temperature and are in 
excellent agreement at stratospheric temperatures. Both 
of these studies, as well as that of Sander and Friedl,1 
show that DClD production by channel (1) becomes 
dominant at very low temperature. Both ,studies show an 
- 8% yit:1u uf BrC) by t:hannt:1 (3). Th~ r~cumm~mJed ~x
pressions are consistent with the body of data from all 
studies, except those of Refs. 9 and 10. 
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2A. A. Turnipseed, J. W. Birks, and J. G. Calvert, J. Phys. Chern. 95, 
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BrO + BrO ~ 2Br + O2 (1) 

~ Br2 + O2 (2) 

MfO(l) = -26 kJ'mol- 1 

MfO(2) = -219 kJ'mol- 1 

Rate coefficient data (k = k, + k2 ) 

k/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 
1.06 x 10- 12 exp[(251 ± 56)/T] 
(2.45 ± 0.26) x 10- 12 

k2 = (2.9 ± 1.0) x 10- 13 

(3.2 ± 0.5) x 10- 12 

k2 = (4.7 ± 1.5) x 10- 13 

Reviews and Evaluations 
1.1 x 10-12 exp(255/T) 
kl 2.2 x 10- 12 

k2 - 4.5 x lO-n 

kl ::: 1.4 X 10- 12 exp(150/T) 
k2 ::: 6.0 X 10- 14 exp(600/T) 

Comments 

Temp./K 

253-400 
304 
304 
298 
298 

223-398 
298 
298 
200-300 
200-300 

(a) Discharge flow system with MS detection of BrO. 
Two sources of BrO were used: 0 + Br2 and Br + 
0 3. The Arrhenius expression given above is a fit to 
results using the first source. Results using the sec
ond source of BrO were in good agreement at 304 K 
and at 400 K but were significantly higher at 253 K; 
interpreted by authors as possibly due to BrO'03 ad
duct formation or to vibration ally or spin-orbit ex
cited BrO radicals which were not quenched 
efficiently at low temperatures. A branching ratio of 
k21k = 0.12 ± 0.04 was derived using the second 
source with excess ozone. 

(b) Discharge flow system with MS detection of BrO. For 
measurement of k, BrO was generated by 0 + Br2 
reaction; for measurement of k2' BrO was generated 
by Br + 0 3 reaction in excess 03. 

(c) Overall rate constant based on room temperature re
sults of SaJld~r and Walsun5 and Clyne and Watson6 

and the temperature dependence reported by Sander 
and Watson.s Branching ratio k.lk at room tempera
ture ha!\ed on results of Sander and Watson,S Cox 
et al.7 and Jaffe and Mainquist.8 

(d) Based on results of Sander and Watsons and Clyne 
and Watson.6 Branching ratio as a function of tem
perature was derived on basis of results of Cox et al.7 

and Jaffe and Mainquist.8 These data were used to 
derive temperature dependent expressions for the in
dividual reaction channels. The uncertainties in E /R 
cover possible temperature-independent rate coeffi
cients for either or both channels. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Turnipseed, Birks, and Calvert, 19901 (a) 

Lancar et aI., 19912 (b) 

IUPAC, 19893 (c) 

NASA,I9904 (d) 

Preferred Values 

kl = 2.1 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 
k2 = 4.1 X 10- 13 cm3 molecule- 1 S-l at 298 K. 
k = 1.1 x 10- 12 exp(250/T) cm3 molecule -} s -lover 

. the temperature range 223-400 K. 

Reliability 
Lllog kl = ±O.l at 298 K. 
Lllog k2 = ± 0.2 at 298 K. 
Ll(E/R) = ±200 K. 

Comments on Preferred Values 
The data base for this reaction has been improved 

since the previous evaluation.3 The temperature depen
dence of k reported in the new study of Turnipseed et al.1 

is in very good agreement with that reported by Sander 
and Watson.s The value of the branching ratio at room 
temperature is well established with kt/k = 0.84 ± 0.03 
based on results of Refs. 1, 2, 5, 6 and 7. However, the 
temperature dependence of the branching ratio has been 
investigated in only two studies (Refs. 7 and 8), both 
quantum yield studies, and the temperature dependence 
was not in good agreement. 

The preferred Arrhenius expression for the overalJ 
rate coefficient is based on a fit to the temperature de
pendent data of Turnipseed et al. l and Sander and Wat
sons and the room temperature data of Clyne and 
Watson6 and Lancar et a/.2 The uncertainty in (EIR) is 
reduced from our previous evaluation3 on the basis of the 
very good agreement of the two temperature dependent 
studies. loS The preferred values for the two channels at 
298 K are based on the preferred value of k at 298 K and 
the ratio kt/k = 0.84. In view of the uncertainties noted 
above, no recommendation is given for the temperature 
dependence of the individual channels. 
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HOBr + h v ~ products 

Reaction 

HOBr + h v ~ HO + Br 
~ HBr + Oep) 
~ BrO + H 

(1) 
(2) 
(3) 

Preferred Values 

Primary photochemical processes 

MfO/kJ'rnol- 1 

231 
293 
423 

References 

518 
409 
2H3 

This data sheet is reproduced from our previous evalu
ation, CODATA, 1982.1 In the absence of experimental 
data for HOBr in the gas phase, it is suggested that the 
modelers use the absorption cross-section data for HOC] 
(see table of preferred values) red-shifted by 30 nm. An
bar and Dostrovski2 reported aqueous phase spectra for 
both HOBr and ·HOCl. From those data, the values of 
(Tmax were comparable, but the absorption maxima [HOC) 
(230 nm), HOBr (260 nm)] were displaced by 30 nm. By 
analogy with HOCI it is probable that <PI is unity for all 
wavelengths > 200 nm. 

lCODATA, Supplement I, 1982 (see references in Introduction). 

Reaction 

BrO + h v ~ Br + Oep) 
~ Hr + OeD) 

(1) 
(2) 

2M. Anbar and I. Dostrovski, J. Chern. Soc., London, Part I, 1105 
(1954). 

BrO + h v ~ products 

Primary photochemical processes 

232 
422 

Preferred Values 

515 
283 

Absorption cross-sections of BrO averaged over 5 nrn intervals 

~/nm 1O:!O CJ/cm2 ~/nrn 1020 CJ/cm2 

300-305 200 340-345 515 
305-310 259 345-350 399 
310-315 454 350-355 228 
315-320 391 355-360 172 
320-325 600 360-365 161 
325-330 753 365-370 92 

330-335 628 370-375 51 
335-340 589 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments on Preferred Values 
The BrO radical has a banded absorption spectrum in 

the 290-380 nm range. The absorption cross-section val
ues at the band peaks are dependent on temperature and 
spectral resolution. The band locations, vibrational level 
assignments, and absorption cross-section values at 0.4 
nm resolution are reported by Wahner et al. 1 The 
strongest absorption feature is the (7,0) band at 338.5 
nm; the cross-section for 0.18 nm resolution was deter
mined to be (1.71 ± 0.14) x 10- 17 cm2 at 298 K and (2.21 
± 0.16) x 10- 17 cm2 at 223 K.l 

The preferred values given here are the averaged val
ues over 5 nm intervals reported by Cox et al.2

; in that pa-

per the authors used these data to calculate a lifetime 
against solar photodissociation of 30 seconds for a solar 
zenith angle of 30 degrees. Earlier studies are discussed 
in previous evaluations.3

•
4 

References 

1 A. Wahner, A. R. Ravishankara, S. P. Sander, and R. R. Friedl, Chern. 
Phys. Lett. 152, 507 (1988). 

2R. A. Cox, D. W. Sheppard, and M. P. Stevens, J. Photochern. 19, 189 
(1982). 

3CODATA, 1980 (see references in Introduction). 
4CODATA, Supplement II, 1984 (see references in Introduction). 

BrON02 + hll ~ products 

Reaction 

BrON02 + hv - BrO + N02 (1) 
- Br + N03 (2) 
- BrONO + Oep) (3) 
- BrONO + OeD) (4) 

Preferred Values 

Primary photochemical processes 

M/OIkJ'rnol- 1 

111 
129 
306 
496 

Quantum Yields 

1080 
930 
390 
240 

Absorption cross-sections for BrON02 photolysis at 298 K 
No recommendation is given for the relative impor

tance of the possible pathways since there are no data 
which provide a basis for a recommendation. 

A/nm 102°o/cm2 Alnm 

186 1500 280 
190 1300 285 
195 1000 290 
200 720 295 
205 430 300 
210 320 305 
215 270 310 
220 240 315 
225 210 320 
230 190 325 
235 170 330 
240 130 335 
245 100 340 
250 78 345 
255 61 350 
260 48 360 
265 39 370 
270 34 380 
275 31 390 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 

102°o/crn2 

29 
27 
24 
22 
19 
18 
15 
14 
12 
11 
10 
9.5 
8.7 
8.5 
7.7 
6.2 
4.9 
4.0 
2.8 

Comments on Prefe/Ted Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1982.1 The recommended values are 
taken from Spencer and Rowland.2 They are unchanged 
from those given in CODATA, 1980,3 where a detailed 
discussion can be found. 

References 

lCODATA, Supplement I, 1982 (see references in Introduction). 
2J. E. Spencer and F. S. Rowland, J. Phys. Chern. 82, 7 (1978). 
3CODATA, 1980 (see references in Introduction). 
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CH3Br + h v ~ products 

Primary photochemical processes 

Reaction 

295 405 

Preferred Values Comments on Preferred Values 

Absorption cross-sections for CH3Br photolysis at 298 K 
The preferred values of the absorption cross-sections 

at 298 K are those reported by GilJotay and Simon. l 

Molina et al.2 reported values at 5 nm intervals, and Rob
bins3 reported values at 2 nm intervals. The agreement 
among these three studies over the wavelength range of 
preferred values is very good. The temperature depen
dence down to 210 K has been reported in Ref. 1. At 
shorter wavelengths the cross-sections are independent 
of temperature. while at A > 210 nm there is a decrease 
in absorption as the temperature is lowered. For values at 

A/nm 102() u/cm2 

190 44 
2 ~3 

4 62 
6 69 
8 76 

200 79 

2 80 
4 79 
6 77 
8 73 

210 67 
2 61 
4 56 
6 49 
8 44 

220 38 
2 32 
4 28 
6 23 
8 19 

Reaction 

A/nm 

230 
2 
4 
6 
8 

240 

2 
4 
6 
8 

250 
2 
4 
6 
8 

260 

15 
12 
9.9 
7.6 
5.9 
4.5 

3.3 
2.5 
1.8 
1.3 

0.96 
0.69 
0.49 
0.34 
0.23 
0.16 

low temperatures the reader is referred to the original 
reference. l Photolysis is expected to occur with unit quan
tum efficiency by breaking of the C-Br bond to yield CH3 
+ Br. 

References 

ID. Gillotay and P. C. Simon, Annales Gcophysicac. 6, 211 (1988). 
2L. T. Molina, M. J. Molina, and F. S. Rowland, J. Phys. Chern. 86, 2672 

(1982). 
3D. E. Robbins, Gcophys. Res. Lett. 3, 213 (1976). 

CF3Br (Halon-1301) + h v ~ products 

Primary photochemical processes 

295 405 
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Preferred Values Comments on Preferred Values 

Absorption cross-sections for CF3Br photolysis at 298 K 
The preferred values of the absorption cross-sections 

at 298 K are the mean of the values reported by Gillotay 
and Simoni and Burkholder et al.2 Molina et al.3 have 
also reported values at 5 nm intervals. The agreement 
among these three studies over the wavelength range of 
preferred values is excellent. The temperature depen
dence down to 210 K has been reported in Refs. 1 and 2. 
At A > 220 nm both studies reported a decrease in ab
sorption as the temperature is lowered. Near the absorp
tion peak (-205 nm), Burkholder et al.2 reported the 
cross-section to be independent of temperature, while 
Gillotay and Simoni found the absorption to increase 
with decreasing temperature, with a 20% increase at the 
lowest temperature. For values at low temperatures, the 
reader is referred to the original references. I

,2 Photolysis 
is expected to occur with unit quantum efficiency by 
breaking of the C - Br bond to yield CF3 + Br. CF3Br has 
no apparent tropospheric loss mechanism,2 and is esti
mated to have a tropospheric lifetime against direct solar 
photoexcitation of greater than 1000 years.3 

A/nrn lOW u/cm2 

190 6.4 
2 7.5 
4 8.5 
6 9.5 
8 10.4 

200 11.2 
2 11.8 
4 12.2 
6 12.4 
8 12.4 

210 12.0 
2 lL4 
4 10.7 
6 9.8 
8 8.8 

220 7.7 
2 6.7 
4 5.7 
6 4.7 
8 3.8 

Reaction 

Mnm 

230 
2 
4 
6 
8 

240 
2 
4 
6 
8 

250 
2 
4 
6 
8 

260 
2 
4 
6 
8 

3.1 
2.4 
1.9 
1.4 
1.1 
0.81 
0.59 
0.43 
0.31 
0.22 
0.16 
0.11 
0.076 
0.053 
0.037 
0.026 
0.018 
0.012 
0.009 
0.006 

References 

ID. Gillotay and P. C. Simon, J. Atmos. Chern. 8, 41 (1989). 
21. B. Burkholder, R. R. Wilson, T. Gierczak, R. Talukdar, S. A. McK
een, 1. J. Orlando, G. L. Vaghjiani, and A. R. Ravishankara, 1. 
Geophys. Res. 96, 5025 (1991). 

3L. T. Molina, M. 1. Molina, and F. S. Rowland, J. Phys. Chern. 86, 2672 
(1982). 

CF2CIBr (Halon-1211) + hv ~ products 

Primary photochemical processes 

Mr/kJ'rnol- 1 

281 426 
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Preferred Values Comments on Preferred Values 

Absorption cross-sections for CF2ClBr photolysis at 298 K 
The preferred values of the absorption cross-sections 

at 298 K are the mean of the values reported by Gillotay 
and SimonI and Burkholder et al.2 Molina et al.3 have 
also reported values at 5 nm intervals, and Giolando 
er al.4 reported values at 10 nm intervals. The agreement 
among these four studies over the wavelength range of 
preferred values is excellent. The temperature depen
dence down to 210 K has been reported in Refs. 1 and 2. 
At A > 230 nm both studies reported a decrease in ab
sorption as the temperature is lowered. Near the absorp
tion peak (- 205 nm), Burkholder et al.2 reported the 
cross-section to be independent of temperature, while 
Gillotay and SimonI found the absorption to increase 
with decreasing temperature, reaching nearly a 20% in
crease at the lowest temperature. Por values at low tem
peratures the reader is referred to the original 
references. 1

•
2 Photolysis is expected to occur with unit 

quantum efficiency by breaking of the C-Br bond to yield 
CF2Cl + Br, and CF2CIBr has been estimated to have a 
tropospheric lifetime against direct solar photoexcitation 
of 15 to 20 years.2 

A/nm 1()2() (J/cm2 A/nm 

190 47 240 
2 58 2 
4 70 4 
6 83 6 
8 96 8 

200 112 250 
2 118 2 
4 121 4 
6 122 6 
8 121 8 

210 117 260 
2 112 2 
4 106 4 
6 98 6 
8 90 8 

220 81 270 
2 72 2 
4 64 4 
6 56 6 
8 49 8 

230 42 280 
2 36 2 
4 31 4 
6 26 6 
H 22 8 

Reaction 

18 
15 
12 
10 
8 
6.5 
5.1 
4.0 
3.2 
2.4 
1.9 
1.4 
1.1 
0.84 
0.63 
0.48 
0.36 
0.27 
0.20 
0.15 
0.11 
0.079 
0.058 
0.043 
0.031 

References 

ID. Gillotay and P. C. Simon, J. Atrnos. Chern. 8, 41 (1989). 
zJ. B. Burkholder, R. R. Wilson, T. Uierczak, R. Talukdar, S. A. McK
een, 1. J. Orlando, O. L. Vaghjiani, and A. R. Ravishankara, J. 
Geophys. Res. 96, 5025 (1991). 

3L. T. Molina, M. J. Molina, and F. S. Rowland, J. Phys. Chern. 86, 2672 
(19~2). 

4D. M. Giolando, O. B. Fazekas, W. D. Taylor, and O. A. Takacs, J. 
Photochern. 14,335 (1980). 

CF2Br2 (Ha,lon-1202) + hv ~ products 

primary photochemical processes 

M/o/kJ'rnol- 1 

280 (est.) 430 
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Preferred Values Quantum Yields 

Absorption cross-sections for CF2Br2 photolysis at 298 K 
4> = 1.0 throughout this wavelength range. 

A/nrn 

190 
2 
4 
6 
8 

200 
2 
4 
6 
8 

210 
2 
4 
6 
8 

220 
2 
4 
6 
8 

230 
2 
4 
6 
8 

240 
2 
4 
6 
8 

Reaction 

114 
109 
100 
' 91 
82 
75 
72 
74 
81 
93 

110 
136 
155 
180 
203 
224 
242 
251 
253 
250 
241 
227 
209 
189 
168 
147 
125 
106 
88 
73 

CHBrJ + h v ~ CHBrz + Br 

Mnrn 

250 
2 
4 
6 
8 

260 
2 
4 
6 
8 

270 
2 
4 
6 
8 

280 
2 
4 
6 
8 

290 
2 
4 
6 
8 

300 
2 
4 
6 
8 

59 
47 
37 
29 
23 
18 
13 
10 
7.6 
5.7 
4.2 
3.1 
2.2 
1.6 
1.2 
0.89 
0.65 
0.48 
0.34 
0.24 
0.18 
0.13 
0.096 
0.068 
0.050 
0.036 
0.026 
0.019 
0.014 
0.010 

Comments on Preferred Values 
The preferred values of the absorption cross-sections 

at298 K are the mean of the values reported by Gillotay 
and Simoni and Burkholder et al.2 Molina et al.3 have 
also reported values at 5 nm intervals. The agreement 
among these three studies over the wavelength range of 
preferred values is very good. The temperature depen
dence down to 210 K has been reported in Refs. 1 and 2, 
with fair agreement between the studies. At A > 250 nm 
both studies reported a decrease in absorption as the 
temperature is lowered. Near the absorption peak (-230 
nm) both studies report an 11 % increase in absorption at 
the lowest temperature. For values at low temperatures 
the reader is referred to the original references. I

•
2 It has 

been shown by Molina and Molina4 that CF2Br2 
photodissociates with unit quantum efficiency over the 
200-300 nm region by breaking of the C-Br bond to yield 
CF2Br + Br. Because its absorption extends into the 290-
310 nm wavelength range, CF2Br2 has a short tropo
spheric lifetime against direct solar photoexcitation, and 
this has been estimated to be about 3 years.2 

References 

ID. Gillotay and P. C. Simon, J. Atrnos. Chern. 8, 41 (1989). 
2J. B. Burkholder, R. R. Wilson, T. Gierczak, R. Talukdar, S. A. McK

een, J. J. Orlando, G. L. Vaghjiani, and A. R. Ravishankara, J. 
Geophys. Res. 96, 5025 (1991). 

3L. T. Molina, M. J. Molina, and F. S. Rowland, J. Phys. Chern. 86, 2672 
(1982). 

4L. T. Molina and M. J. Molina, J. Phys. Chern. 87, 1306 (1983). 

CHBr3 + hv -'» products 

PrImary photochemical processes 

276 433 

Ab 
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Preferred Values Comments on Preferred Values 

Absorption cross-sections for CHBr3 photolysis at 298 K 
The preferred values of the absorption cross-sections 

at 298 K are the values reported by Gillotay et al., 1 which 
are the only published values. The temperature depen-

~/nm lOW a/cm2 ~nm 

190 399 250 
2 360 2 
4 351 4 
6 366 6 
8 393 8 

200 416 260 
2 433 2 
4 · 440 4 ' 
6 445 6 
8 451 8 . 

210 468 270 
2 493 2 
4 524 4 
6 553 6 
8 . 574 8 

220 582 280 
2 578 2 
4 558 4 
6 527 6 
8 . 487 8 

230 441 290 
2 397 2 
4 362 4 
6 324 6 
8 295 8 

240 273 300 
2 253 2 
4 234 4 
6 214 6 
8 194 8 

310 

1020 a/cm2 

174 
158 
136 
116 
99 
83 
69 
Sl 
47 
38 
31 
25 
20 
16 
12 
9.9 
7.8 
6.1 
4.8 
3.7 
2.9 
2.2 
1.7 
1.3 
0.96 
0.72 
0.54 
0.40 
0.30 
0.22 
0.16 

. dence down to 240 K was measured and values extrapo
lated to 210 K are given. l Photolysis is expected to occur 
with unit quantum efficiency by breaking of the C-Br 
bond to yield CHBr2 + Br. 

Reference 

'D. Gillotay, A. Jenouvrier, B. Coquart, M. F. Merrienne, and P. C. Si
mon, Planet. Space Sci. 37, 1127 (1989). 
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CF2BrCF2Br (Halon-2402) + h v ~ products 

Primary photochemical processes 

Reaction 

280 (est) 430 

Preferred Values Comments on Preferred Values 

Absorption cross-sections for CF2BrCF2Br photolysis at 298 K 
The preferred values of the absorption cross-sections 

at 298 K are the mean of the values reported by Gillotay 
et al.1 and Burkholder et al.2 Molina et al.3 have also re
ported values at 5 nm intervals. The agreement among 
these three studies over the wavelength range of pre
ferred values is excellent. The temperature dependence 
down to 210 K has been reported in references 1 and 2. 
The results differ qualitatively. For values at low temper
atures the reader is referred to the original references. Il2 

Photolysis is expected to occur with unit quantum effi
ciency by breaking of the C-Br bunu tu yield CF2BrCF2 
+ Br, and CF2BrCF2Br has been estimated to have a tro
pospheric lifetime against direct solar photoexcitation of 
34 years.2 

Alnrn 102° u/cm2 Alnm 

190 109 240 
2 114 2 
4 119 4 
6 122 6 
8 124 8 

200 124 250 
2 124 2 
4 120 4 
6 117 6 
8 112 8 

210 106 260 
2 100 2 
4 92 4 
6 85 6 
8 77 8 

220 69 270 
2 61 2 
4 54 4 
6 47 6 
8 40 8 

230 35 280 
2 29 
4 24 
6 20 
8 16 

J. Phys. Chem. Ref. Data, Vol. 21, No.6. 1992 

102() u/crn2 

13 
11 
8.4 
0.7 
5.2 
4.1 
3.1 
2.3 

1.8 
1.3 
0.95 
0.71 
0.53 
0.39 
0.28 
0.21 
0.16 
0.11 
0.082 
0.060 
0.044 

References 

lD. Gillotay, P. C. Simon, and L. Dierickx, Aeronomica Acta 335, 1 
(1988). 

2J. B. Burkholder, R. R. Wilson, T. Gierczak, R. Talukdar, S. A. McK
een, J. J. Orlando, G. L. Vaghjiani, and A. R. Ravishankara, J. 
Geophys. Res. 96, 5025 (1991). 

3L. T. Molina, M. J. Molina, and F. S. Rowland, J. Phys. Chern. 86, 2672 
(1982). 
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4.9. Iodine Species 

0+ h ~ 10 + I 

Rate coefficient data 

Absolute Rate Coefficients 
(1.38 ± 0.44) x 10- 10 

Reviews and Evaluations 
1.4 X 10- 10 

Comments 

Temp./K 

298 

200-400 

(a) Discharge flow system with MS detection of h in the 
presence of a large excess of 0 atoms. Oep) atom 
concentrations were determined by titration with 
N02• Total pressure = 2.0 Torr. 

(b) See Comments on Preferred Values. 

Preferred Values 

k = 1.4 X 10- 10 cm3 molecule- l S-l, independent of 
temperature over the range 200-400 K. 

Reliability 
Alog k = ± 0.3 at 298 K. 
A(E/R) = ±2S0 K. 

Reference Comments 

Ray and Watson, 19821 (a) 

CODATA, 19842
; IUPAC, 198~ (b) 

COlnTnents on Preferred Values 
This data sheet is reproduced fron our previous evalu

ation, CODATA, 1984.2 The recommended rate coeffi
cient is consistent with the trend observed in the rate 
coefficients for the 0 + X2 reaction, which increase 
steadily: < 1 X 10- 15 cm3 molecule- I S-1 for X = F,44.2 
X 10- 14 cm3 molecule-I S-I for X = CIS and 1.4 x 10- 11 

cm3 molecule -I s -I for X = Bf (Ref. 3) at 298 K. The 
molecular beam study of Parrish and Herschbach6 sug
gests a zero activation energy, consistent with the near 
gas kinetic value of k at 298 K. 

References 

IG W Ray and R T. Watson, J. Phys. Chern. 8S, 2955 (1981). 
2COOATA, Supplement II, 1984 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 
4R. H. Krech, G. J. Diebold, and D. L. McFadden, J. Am. Chern. Soc. 

99, 4605 (1977). 
sR. r. Watson, J. Phys. Chem. Ref. Data 6, 871(1977). 
60. D. Parrish and O. R. Hcrschbach, J. Am. Chem. Soc. 95, 6133 

(1973). 

0+ 10 ~ O2 + I 

Rate coefficient data 

No experimental data available. 

Preferred Value 

k 3 X 10- 11 em3 mo]eeule- 1 S-1 at 298 K. 

Reliability 
Alog k ± 0.5 at 298 K. 

Comments on Preferred Values 
This estimate is probably accurate to within a factor of 

3, and is based upon the assumption that the reactivity of 

10 is similar to that of CIO and BrO (this is true in the 
case of XO + NO where X = F, CI, Br and I). The rec
ommended rate constants for CIO and BrO at -29S K 
are 5 x 10- 11 cm3 molecule- 1 

S-1 and 3.8 x 10- 11 cm3 

molecule- 1 S-I, respectively: The temperature depen
dence of the rate constant is expected to be small. 

Reference 

lIUPAC, Supplt:IlIClll III, 1989 (st:c rderences in Introduction). 
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tllr = -95.6 kJ'mol- 1 

Rate coefficient data 

Absolute Rate Coefficients 
1.47 x 10- 11 exp( -1090/T) 
(3.8 ± 1.0) x 10- 13 

Comments 

Temp./K 

283-353 
298 

(a) Results using two techniques reported: discharge 
tlow-EPR measurement of I(directly) and H02 after 
conversion to OH by reaction with NO. First order 
decay of H02 in excess I measured. This method gave 
k = (3.1 ± 1.2) x 10- 13 cm3 molecule- 1 S-l at 298 K. 
The second method, which provided the temperature 
dependence, employed the molecular modulation 
technique with UV absorption detection of H02, and 
[I] determined from modulation of 12 absorption at 
500 nm. Excess 1 employed, but H02 self-reaction 
competed with 1 + H02• The best analysis gave k = 
(4.17 ± 0.4) x 10-13 cm3 molecule- 1 

S-1 at 298 K. 
The Arrhenius expression was obtained from the 
mean of the discharge flow and molecular modula
tion determinations at 298 K and the E /R from a 
least-squares fit to the temperature dependence 
data. 

Preferred Values 

k = 3.8 X 10-13 cm3 molecule- 1 S-1 at 298 K. 
k = 1.5 X 10- 11 exp( -1090/T) over the temperature 

range 250-350 K. 

tlll° = -142 kJ'mol- l 

Reference 

Jenkin et aI., 19901 

Reliability 
~log k = ± 0.3 at 298 K. 
~(E/R) = ±SOO K. 

Comments on Preferred Values 

Comments 

(a) 

The preferred value is based on the two experimental 
studies reported by Jenkin et ai., 1 which are the only re
ported measurements for this reaction. The rate coeffi
cients k at 298 K agree quite well although both studies 
exhibited significant experimental error. The Arrhenius 
expression suggested by Jenkin et al.1 is accepted for the 
temperature dependence. 

Reference 

1M. E. Jenkin, R. A. Cox, A. Mellouki, G. Le Bras, and G. Poulet, J. 
Phys. Chern. 94, 2927 (1990). 

Rate coefficient data 

k/cm3 moiecule- l S-1 

Absolute Rate Coefficients 
2.3 x 10- 11 exp[ - (886 ± 15)/T] 
(1.2 ± 0.1) x 10- 12 

Reviews and Evaluations 
9.5 x 10- 13 

Temp./K 

231-337 
298 

298 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Buben et 01., 19901 (a) 

IUP AC, 19892 (b) 
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Comments 

(a) Discharge flow system with resonance fluorescence 
detection of I. 

(b) Based on the direct measurements of Jenkin and 
Cox3 and Sander.4 

Preferred Values 

k = 1.0 X 10- 12 cm3 molecule- 1 S-1 at 298 K. 
k = 2.0 X 10-11 exp( -890fT) cm3 molecule- 1 

S-1 over 
the temperature range 200-350 K. 

Reliability 
~log k = ± 0.2 at 298 K. 
a(E/R) = ±300 K. 

Comments on Preferred Values 
The new data of Buben et al.1 agree well with the two 

previous measurements of k at 298 K and provide the first 
measurement of the temperature dependence of this re
action. The preferred Arrhenius expression uses the acti
vation energy from Buben et al.1 with an A factor 
adjusted to give the mean value at 298 K from the three 
studies.1•3,4 

References 

IS. N. Buben, I. K. Larin, N. A. Messineva, and E. M. Trofimova, Khim. 
Fiz. 9, 116 (1990). 

zIUPAC, Supplement III, 1989 (see references in Introduction). 
3M. E. Jenkin and R. A. Cox, J. Phys. Chern. 89, 192 (1985). 
4S. P. Sander, J. Phys. Chern. 90, 2194 (1986). 

I + NO + M -) INO + M 

Mr = -75.7 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

ko/cm3 molecule - 1 S-I Temp./K 

Absolute Rate Coefficients 
(6.0 ± 2.5) x lO-33(TI300)-IO [He] 320-450 
(1.6 ± 0.5) x 1O-3z [N2] 330 
(9.5 ± 3) x 10-33 [AT] 330 
(lO.3 ± 0.6) x lO-33(TI300)-ll [Ar] 298-328 

Reviews and Evaluations 
1.8 x lO-32(T/300) -I II [Nz] 200-400 

Comments 

(a) Laser flash photolysis of Iz at 694 nm in the presence 
of NO and He. He pressures were varied between 1 
and 200 atm. hand INO spectra ohsetve(l 

(b) As in comment (a). The effect of 14 different bath 
gases was studied. The rate coefficient for M = Ar at 
298 K was calculated from the measured rate coeffi
cient at 330 K and the temperature coefficient re
ported by Ref. 1. 

(c) Flash photolysis of 12 in the presence of NO and Ar. 
(d) Based on Refs. 1-3. 

Preferred Values 

ko = 1.8 X 10-32(Tf300)-l.O [N2] cm3 molecule- I S-I 

over the temperature range 200-400 K. 

Reliability 
~log ko = ±0.1 at 300 K. 
~ = ±0.5. 

Reference Comments 

Van den Bergh and Troe, 1976' (a) 
Van den Bergh, Benoit-Guyot, and (b) 
Troe, 19772 

Basco and Hunt, 19783 (c) 

CODATA,19824 (d) 

Comments on Preferred Values 
This data sheet is largely reproduced from our previous 

evaluation, CODATA, 1982.4 The rate coefficients for M 
= Ar determined in references 2 and 3 agree remarkably 
welL The collision efficiencies for He, Ar, and Nz follow 
the usual trends. The transition to the high pressure limit 
is of no importance for pressures below 1 bar (k~ = 1.7 
x lO-ll cm3 molecule- 1 S-l over the temperature range 
200-400 K, Fc = 0.75 at 298 K, see Ref. 4). 

References 

IH. Van den Bergh and J. Troe, J. Chern. Phys. 64, 736 (1976). 
2H. Van den Bergh, N. Benoit-Guyot, and J. Troe, Int. J. Chern. Kinet. 
9, 233 (1977). 

3N. Basco and J. E. Hunt, Int. J. Chern. Kinet. 10, 733 (1978). 
4CODATA, Supplement I, 1982 (see references in Introduction) 
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I + N02 + M ~ IN02 + M 

Air = -79.8 kJ'mol- 1 

Low-pressure rate coefficients 

Rate coefficient data 

ko/cm3 molecule -1 S-1 

Absolute Rate Coefficients 
1.52 x 1O- 31(T/300)-1 [He] 
2.60 x 10-31 [N2] 
(9.5 ± 3.5) x 10-32 [He] 
3.1 x 10-31 [N2] 

Reviews and Evaluations 
2.9 x 1O-31(T/300)-10 [N2] 

Comments 

Temp./K 

320-450 
330 
298 
298 

200-300 

(a) Derived from the N02 catalyzed recombination of 
iodine atoms, with iodine atoms being produced by 
laser flash photolysis at 69-1 nm. The falloff curve was 
measured from 1 to 200 atm of He, and only a short 
extrapolation to ko was required. 

(b) As in comment (a). The efficiencies of 26 bath gases 
were studied. 

(c) Discharge-flow system coupled to an EPR spectrom
eter to monitor I atom concentrations. Measure
ments were performed over the total pressure range 
0.6-2.2 Torr. 

(d) UV photolysis of CH31 in a flow system with N02-N2 

mixtures, and I atoms were monitored by resonance 
fluorescence. The bath gases N2, O2, Ar, and He were 
studied at total pressures between 0.5 and 10 Torr. 

(e) Based on the data of Refs. 1 and 2. The value for M 
= N2 at 298 K was derived from the measurements 
at 330 K2 and the temperature-dependence for M = 
He.1 The value of n is assumed to be identical for He 
and Nz. 

Reference Comments 

Van den Bergh and Troe, 19761 (a) 
Van den Bergh, Benoit-Guyot and Troe, 19772 (b) 
Mellouki et al., 19893 (c) 
Buben eJ aI., 19904 (d) 

CODATA, 19825 (e) 

Preferred Values 

ko = 3.0 X 10-31(T/300)-1 [N2J cm3 molecule- 1 S-1 

over the temperature range 200-400 K. 

Reliability 
dlog ko = ± 0.2 at 300 K. 
an = ±1. 

Comments on Preferred Values 
The preferred values are from Refs. 1, 2 and 4. The 

data of Ref. 3 for M = He are also consistent with the 
data of Refs. 1,2, and 4. Falloff extrapolations are made 
with a fitted l value of Fe = 0.63 near 300 K. 

High-pressure rate coefficients 

Absolute Rate Coefficients 
6.6 x 10- 11 

Reviews and Evaluations 
6.6 X 10- 11 

Temp./K 

320-450 

300-400 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 
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Reference Comments 

Van den Bergh and Troe, 19761 (a) 

CODATA,19825 (b) 
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Comments 

(a) See comment (a) for ko. Only a short extrapolation of 
the falloff curve to the high pressure limit was re
quired. 

(b) See comment (e) for ko. 

Preferred Values 

k~ = 6.6 X 10- 11 cm3 molecule- 1 S-I, independent of 
temperature over the range 200-400 K. 

Reliability 
~log k = ± 0.3 over the temperature range 200-400 K. 

M/O = -200 kJ'mol- 1 

Comments on Preferred Values 
See comments on ko. 

References 

IH. Van den Bergh and J. Troe. J. Chern. Phys. 64. 736 (1976). 
2H. van den Bergh, N. Benoit-Guyot, and J. Troe, Int. J. Chern. Kinet. 
9, 223 (1977). 

3A. Mellouki, G. Laverdet, L. Jourdain, and G. Poulet, Int. J. Chern. 
Kinet. 21, 1161 (1989). 

4S. N. Buben, I. K. Larin, N. A. Messineva, and E. M. Trofimova, 
Kinetika i Kataliz 31, 973 (1990). 

5CODATA, Supplement I, 1982 (see references in Introduction). 

Rate coefficient data 

Absolute Rate Coefficients 
(2.7 ± 0.2) x 1O- 11 

(3.3 ± 0.2) x 10- 11 

Reviews and Evaluations 
1.3 X lO-u 

Comments 

Temp./K 

298 
298 

29lS 

(a) Laser photolysis of HN03 at 248 nm; HO detected by 
LIF. 

(b) Discharge flow system used. HO radicals produced 
from the H + N02 reaction and detected by EPR. 

(c) Based on the results of Takacs and Glass.4 

Preferred Values 

k = 3.0 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
~Iog k ± 0.3 at 298 K. 

Reference 

Mac Leod et af., 19901 

Lancar, Mellouki, and Poulet, 19812 

CODATA, 1982-'; IUPAC, 19893 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 

The preferred value is based on the new results of Mac 
Leod et al.1 and Lancar et al.2

, which are more than a fac· 
tor of two higher than the e;lrlier results of Takacs ~md 
Glass4 on which the previous recommendation was based. 
The reliability of the latter study has been questioned 
since the rate coefficient for the HO + HBr reaction 
measured in the same system was a factor of 2.5 lower 
than other reliable literature values. 

References 

IH. Mac Leod, C. Balestra, J. L. Jourdain, G. Laverdet, and G. Le Bras, 
Int. J. Chern. Kinet. 22, 1167 (1990). 

21. T. Lancar, A. Mcllouki, and O. Poulet, Chem. Phys. Lett. 177,554 
(1991). 

3CODATA, Supplement I, 1982 (see references in Introduction). 
4IUPAC, Supplement III, 1989 (see references in Introduction). 
5G. A. Tabes and G. P. Glass, 1. Phys. Chern. 77, 1948 (1973). 
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HO + 12 ~ HOI + I 

Rate coefficient data 

Absolute Rate Coefficients 
(1.6~~~) x 10- 10 

Relative Rate Coefficients 
(2.1 ± 1.0) x 10- 10 

Reviews and Evaluations 
1.8 x 10- 10 

Comments 

Temp./K 

298 

294 

298 

(a) Discharge flow system with resonance fluorescence 
detection of HO. Reaction studied as a function of 
pressure and surface/volume. Interference from het
erogeneous reactions experienced, but cited value of 
k(I2 + HO) represents homogeneous reaction and 
was independent of pressure over the ranges 0.56-5.9 
Torr He and 0.51-7.75 Torr Ar. 

(b) Steady state photolysis system. HO concentrations 
inferred from the rate of disappearance of C2H4, and 
determined as a function of h concentration. The 
rate coefficient k(I2 + HO) was therefore measured 
relative to k(HO + ethene) and placed on an abso
lute basis by use of k(HO + ethene) = 8 x 10- 12 

cm3 molecule- 1 
S-I. Measurements made at 760 Torr. 

(c) See Comments on Preferred Values. 

!:J-fO = -65.2 kJ'mol- 1 

Reference Comments 

Loewenstein and Anderson, 19851 (a) 

Jenkin, Clemitshaw, and Cox, 19842 (b) 

IUPAC, 19893 (c) 

Preferred Vl1lues 

k = 1.8 X 10- 10 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
.dIog k = ± 0.3 at 298 K. 

Comments on Prefen'ed Values 
This data sheet is reproduced from our previous evalu

ation, IUPAC, 1989.3 The two reported values agree well 
considering the quoted error limits. The preferred value 
is the mean of the two studies. 

References 

lL. M. Loewenstein and J. G. Anderson, J. Phys. Chern. 89, 5371 (1985). 
2M. E. Jenkin, K. C. Clemitshaw, and R. A. Cox, J. Chern. Soc. Faraday 
Trans. 2, 80, 1633 (1984). 

3IUPAC, Supplement III, 1989 (see references in Introduction). 

Rate coefficient data 

klcm3 molecule- 1 S-1 

Absolute Rate Coefficients 
3.1 x 10-12 exp[ - (1119 ± 204)JTl 
(7.2 ± 0.7) x 10- 14 

Comments 

Temp./K 

271-423 
298 

(a) Discharge flow system with resonance fluorescence 
detection of HO. 

Preferred Values 

k = 7.2 X 10-14 cm3 molecule- 1 S-1 at 298 K. 
k = 3.1 X 10-12 exp( -1120/T) cm3 molecule- 1 S-1 

over the temperature range 27~30 K. 

Reliability 
Alog k = ± 0.5 at 298 K. 
A(E/R) = ±500 K. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Brown. Canosa-Mas and Wayne, 19901 (a) 

Comments on Preferred Values 
The preferred rate coefficients are based on the sole 

study of Brown et a/. 1 The uncertainty limits in the pre
ferred values take into account the significant error limits 
(30-50% except at 298 K) cited by Brown et a/.1 

Reference 

IA. C. Brown, C. E. Canosa-Mas, and R. P. Wayne, Atmos. Environ. 
24A, 361 (1990). 
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Air = -119.1 kJ·mol- 1 

Rate coefficient data 

Absolute Rate Coefficients 
1.3 x to- 12 exp[( -1830 ± 300)/T] 
(2.5 ± 0.8) x 10- 15 

Reviews and Evaluations 
2.5 x to- 15 

Comments 

Temp./K 

298-373 
298 

298 

(a) ni~chaTge flow ~y~tem ll~e(t N03 radical~ were pro
duced from the F + HN03 reaction and detected by 
MS after correction for interference at mle = 62 due 
to HN03• Reaction was also followed by observation 
of I atom production using EPR spectrometry. 
Psuedo-first-order kinetics in the presence of excess 
HI, with an assessment of the effect of N02 produc
tion from secondary processes. 

(b) Based on the results of Ref. 1. 

Preferred Values 

No recommendation. 

Comments on Preferred Values 
Although the rate coefficients measured in the single 

studyl of this reaction from the decay of N03 using MS 

Reference Comments 

Lancar, Mellouki and Poulet, 19912 (a) 

Wayne el al., 19912 (b) 

and I atom production using EPR spectrometry were in 
agreement, there is a serious potential for secondary 
chemi~try occnrine in the ~y~tem leading to an overesti
mation of the rate coefficient for the elementary process. 
The authors state that the reaction of I + N03 ~ 10 + 
N02 does .not occur,l while Chambers et al.3 have estab
lished that this I + N03 reaction is extremely rapid, with 
a rate coefficient of k(I + N03) = 4.5 x 10- 10 cm3 

mo)ecu]e- I S-I, and that I atoms are regenerated from 
subsequent reactions of 10. While this uncertainty exists, 
no recommendation can be made. 

References 
II. T. Lancar, A. Mellouki, and G. Poulet, Chern. Phys. Lett. 177,554 
(1991). 

2R. P. Wayne, I. Barnes, P. Biggs, J. P. Burrows, C. E. Canosa-Mas, J. 
Hjorth, G. Le Bras, G. K. Moortgat, D. Perner, G. Poulet, G. Restelli, 
and H. Sidebottom, Atmos. Environ. 2SA, 1 (1991). 

3R. M. Chambers, A. C. Heard, and R. P. Wayne, J. Phys. Chern., 96, 
3321 (1992). 

Rate coefficient data 

Absolute Rate Coefficients 
(6.4 ± 0.7) x to- lI 

Comments 

Temp./K 

298 

(a) Molecular modulation technique with UV absorption 
detection of H02 at 220 nm, and visible absorption 
detection of 10 at 427 nm. Radicals produced by 
photolysis of OrCH30H-Ir Or Ar mixtures at 254 
nm with H02 in excess over 10. The rate coefficient 
k was derived from non-linear least-squares analysis 
of absorption waveforms. 

Preferred Values 

k = 6.4 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 

Reliability 
dlog k = ± 0.3 at 298 K. 

Reference Comments 

Jenkin el ai., 19901 (a) 

Comments on Prefe/Ted Values 
The preferred value is based on the only experimental 

study of this reaction, in which the value of k seems rea~ 
sonably welJ determined, although the chemical system 
was rather complex. The value of k at 298 K is a factor of 
10 higher than that for the equivalent reaction with CIO 
and the single reported value for BrO + H02 but is con
sistent with the emerging reactivity pattern for the halo
gen oxide radicals. The temperature dependence is 
expected to be small. 

Reference 

1M. E. Jenkin and R. A. Cox, Chern. Phys Leu. 177, 272 (1991). 
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10 + 10 ~ 12 + O2 (1) 

~ 21 + O2 (2) 

~ 1+ 010 (3) 

10 + 10 + M ~ 120 2 + M (4) 

Mr(l) = -152 kJ'mol- 1 

AHO(2) = 0 kJ'mol- 1 

Rate coefficient data (k = k1 + k2 + k3 + k.JM]) 

k/cm3 molecule -I S-I 

Absolute Rate Coefficients 
(5.5 ± 0.8) x 10- 11 

Reviews and Evaluations 
1.7 x 10- 12 exp(1020/T) 

Comments 

Temp./K 

298 

250-373 

(a) Discharge flow system with MS detection of 10 using 
parent peak. Calibration by titration with NO and de
tection of N02 at m /z = 46. 0 + 12 reaction used to 
produce 10. Pressure 0.5 - 6.8 mbar of He. 

(b) Based on the measurements of Sander.3 

Preferred Values 

k = 5.2 X 10- 11 cm3 molecule- 1 S-1 at 298 K. 
k = 1.7 X 10- 12 exp(1020/T) over the temperature 

range 250-373 K. 

Reliability 
dlog k = ± 0.3 at 298 K. 
d(E/R) = ±500 K. 

Reference Comments 

Barnes et aI., 19911 (a) 

IUPAC, 19892 (b) 

Comments on Pre/erred Values 
The preferred value is unchanged from the previous 

evaluation.2 The new data confirm that the pressure inde
pendence of the rate of this reaction, observed by 
Sander,3 extends to low pressures as indicated by the less 
reliable results of Martin et al.4 No new data relating to 
the branching ratios have been reported and therefore no 
recommendation can be made, as discussed in the previ
ous evaluation.2 

References 

11. Barnes, V. Bastian, K. H. Becker, and R. D. Overath, Int. J. Chem. 
Kinet. 23, 579 (1991). 

2IUPAC, Supplement III, 1989 (see references in Introduction). 
3S. P. Sander, J. Phys. Chern. 90, 2194 (1986). 
4D. Martin, J. L. Jourdain, G. Laverdet, and G. Le Bras, Int. J. Chem. 

Kinet. 19, 503 (1987). 

10 + NO ~ I + N02 
AHO = -57 kJ'mol-1 

k/cm3 molecule- 1 S-I 

Absolute Rate Coefficients 
(2.8 ± 0.2) X 10- 11 

6.9 X 10- 12 exp[(328 ± 71)/T] 
(2.17 ± 0.22) x 10- 11 

(2.15 ± 0.30) x 10- 11 

Reviews and Evaluations 
1.7 x 10-11 

Temp./K 

298 
242-359 
298 
298 

298 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Rate coefficient data 

Reference 

Inoue et al., 19831 

Daykin and Wine, 19902 

Buben et al., 19913 

CODATA, 19824
; IUPAC, 19895 

Comments 

(a) 
(b) 

(c) 

(d) 
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Comments 

(a) Pulsed laser photolysis system with LIF detection of 
10 decay in the presence of excess NO. 10 produced 
by the OCD) + HI reaction. 

(b) 10 generated in 351 nm laser flash photolysis of 
NOz-Iz-NQ-Nz mixtures and detected by longpath 
absorption spectroscopy. Pseudo-first order kinetics 
with a small correction for the contribution by the re
action 10 + NOz + M ~ IONOz + M to the 10 
decay. No pressure dependence obseIVed over the 
range 40-200 Torr Nz. 

(c) Discharge flow system with resonance fluorescence 
detection of I. 

(d) Based on th.e work of Ray and Watson.6 

Preferred Values 

k = 2.2 X 10-11 em3 moleeule- 1 S-1 at 298 K. 
k = 7.3 X 10-1Z exp(330/T) cm3 molecule- 1 S-1 over 

the temperature range 200-400 K. 

Reliability 
Alog k = ± 0.3 at 298 K. 
A(E/R) = ± 150 K. 

Comments on Prefe"ed Values 
The recent studies2

•
3 give values of k at 298 K midway 

between those reported in earlier studies.1
•
6 The work of 

Inoue et al.1 was not included in previous evaluations,4,5 
which gave recommend~tions based on the data of Ray 
and Watson6 only. The preferred value at 298 K is the 
mean of the values reported in Refs. 1, 2, 3 and 6. The 
temperature dependence measurements of Daykin and 
Wine2 appear to be of excellent quality and provide the 
basis for the recommendation, which uses the preferred 
298 K value with the E/R from Daykin and Wine.z 

References 

IG. Inoue, M. Suzuki, and N. Wash ida, J. Chern. Phys. 79, 4730 (1983). 
2E. P. Daykin and P. H. Wine, J. Phys. Chern. 94,4528 (1990). 
3S. N. Buben, J. K. Larin, N. A. Mcssineva, and E. M. Trofimova, in 
press (1991). 

4CODATA, Supplement I, 1982 (see references in Introduction). 
5IUPAC, Supplement III, 1989 (see references in Introduction). 
(\(1. W. Ray and R. T. Watson, J. Phys. Chern. 85, Zl}jj (ll}~l). 

10 + N02 + M ~ ION02 + M 

Low-pressure rate coefficients 

Rate coefficient data 

ko/cm3 molecule - 1 S-1 

Absolute Rate Coefficients 
(4.3 ± 2.0) x 10-31 [N2] 

7.7 x 1O- 31(TI300)-50 [N2] 

Reviews and Evaluations 
3.4 X 1O-31(TI300)-3 [N2] 

Comments 

Temp./K 

277 
254-354 

200-400 

(a) Molecular modulation system used. 12 photolysis in 
the presence of 0 3 was used to produce 10 radicals. 
10 radicals were monitored by absorption at 427 nm 
in the presence of an excess of NOz. The total pres
sure range was varied over the 35-404 Torr of Nz. 
The falloff CUIVe was analyzed using Fe = 0.4 by anal
ogy to the BrO + NOz reaction. A small correction 
was made for a second-order component in the 10 
kinetics at higher pressures. 

(b) 10 radicals were generated by the 351 nm laser flash 
photolysis of Iz-NOr N2 mixtures and monitored by 
absorption at 427 nm. The association reaction was in 
the falloff regime over the temperature and pressure 
ranges (40-750 Torr of N2) investigated. The data 
were extrapolated to the low- and high-pressure rate 
coefficients using Fe = 004. 

Reference 

Jenkin and Cox, 19841 

Daykin and Wine, 19902 

CODATA, 19843 

Comments 

(a) 
(b) 

(c) 

(c) Based on Ref. 1 and assuming a temperature depen
dence of T-3 by analogy to the CIO + NO reaction. 

Preferred Values 

ko = 7.7 X 10-31(T/300)-5 [N2] cm3 molecule- l S-1 

over the temperature range 250-350 K. 

Reliability 
dlog ko = ± 0.3 at 298 K. 
dn = ±2. 

Comments on Preferred Values 
The data from Ref. 2 are recommended because per

turbations from wall reactions and other processes were 
less of a problem than was the case in Ref. 1. Falloff ex
trapolations are made with Fc = 0.4. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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High-pressure rate coefficients 

Rate coefficients data 

k..,/cm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
(1.6 ± 0.6) x 10- 11 277 
1.55 x lO-11 254-354 

Reviews and Evaluations 
1.6 x lO-l1 200-400 

Comments 

(a) See comment (a) for ko• The rate coefficient krz.: was 
obtained from a fit of the falloff curve using Fc = 0.4. 

(b) See comment (b) for ko• 
(e) Based on Ref. 1. 

Preferred Values 

k~ = 1.6 X 10-11 cm3 molecule- 1 s-1, independent of 
temperature over the range 250-350 K. 

Reference Comments 

Jenkin and Cox, 19891 (a) 
Daykin and Wine, 19902 (b) 

CODATA, 19843 (c) 

Reliability 
L.\log k~ = ± 0.3 over the temperature range 250-350 K. 

Comments on Preferred Values 
The preferred values are based on the data of Refs. 1 

and 2. Falloff extrapolations are made with Fc 0.4 at 
300 K. 

References 

1M. E. Jenkin and R. A. Cox, J. Phys. Chern. 89, 192 (1985). 
2E. P. Daykin and P. H. Wine, J. Phys. Chern. 94,4528 (1990). 
3CODATA Supplement II, 1984 (see references in Introduction). 

10 + CH3SCH3 ~ I + CH3SOCH3 

Rate coefficient data 

klcm3 molecule- 1 S-1 Temp./K 

Absolute Rate Coefficients 
<3.5 x lO-14 298 
(1.5 ± 0.2) x 10- 14 298 
(8.8 ± 2.1) x lO-15 296 

Comments 

(a) 10 generated in 351 nm laser flash photolysis of 
NOx-IrCH3SCH3-Nr02 mixtures and detected by 
long path absorption spectroscopy. Only a weak de
pendence of first-order decay rate on [DMS] ob
served, allowing only an upper limit for k to be 
determined. 

(b) Discharge flow system with MS technique at < 2 Torr 
total pressure. 10 generated from microwave dis
charge of 02 in the presence of h. Pseudo-first order 
conditions with DMS in excess over 10. SmaUcorrec
tion applied for the 10 self-reaction using a value of 
k(IO + 10)= 2.5 X 10- 11 cm3 molecule- I S-I. 
DMSO observed as product; < 5% HOI formed. 

( c) Same technique as (b); correction for 10 self reaction 
using a value of k(IO + 10) = 5.2 X 10- 11 cm3 

molecule -I S-1 as determined in the same apparatus. 
CH3SOCH3 yield was 84 ± 40%. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

Reference Comments 

Daykin and Wine, 19901 (a) 
Maguin el al., 1991 2 (b) 
Barnes el al., 19913 (c) 

Preferred Values 

k = 1.2 x 10- 14 cm3 molecule-I S-I at 298 K. 

Reliability 
alog k = ± 0.3 at 298 K. 

Cumments un Preferred Value 
The new studiesl

-
3 all show that the rate of this reac

tion is at least 2 orders of magnitude slower than sug
gested by earlier studies,4,5 which were clearly in error 
due to experimental difficulties associated with high rad
ical concentrations and surface reactions. The preferred 
value is based on the results of Maguin et al.2 and Barnes 
et al.3 The large uncertainty limit reflects the need to cor
rect the kinetic decays 'for minor competing processes. 
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References 

IE. P. Daykin and P. H. Wine, J. Geophys. Res. 95, 18547 (1990). 
2F. Maguin, A. Mellouki, G. Laverdet, G. Poulet, and G. Le Bras, Int. 
J. Chern. Kinet. 23, 237 (1991). 

31. Barnes, V. Bastian, K. H. Becker, and R. D. Overath, Int. J. Chern~ 
Kinet. 23, 579 (1991). 

41. Barnes, K. H. Becker, P. earlier, and G. Mouvier, Int. J. Chern. 
Kinet. 19,489 (1987). 

sD. Martin, J. L. Jourdain, G. Laverdet, and G. Le Bras, Int. J. Chern. 
Kinet. 19, 503 (1987). 

INO + INO ~ 12 + 2NO 
MID = 0.3 kJ'mol- l 

Rate coefficient data 

Absolute Rate Coefficients 
<6.7 x 10- 14 

8.4 X 10- 11 exp( 26201T) 
1.3 x 10- 14 

2.9 X 10- 12 exp( -1320/T) 
3.4 x 10- 14 

Reviews and Evaluations 
8.4 x 10- 11 exp( -2620/T) 

Temp./K 

333 
32{}-4S0 

298* 
298-328 
298 

300-450 

Comments 

(a) Flash photolysis of 12 in the presence of NO. Al
though the observations were interpreted with inade
quate assumptions about the mechanism, the results 
on the reaction INO + INO are consistent with later 
work (see Ref. 3). 

(b) Laser flash photolysis of h in the presence of NO. 
Analysis of the time-resolved 12 absorption signals af
ter the flash. 

(c) Flash photolysis of h in the presence of NO. Mea
surements of the UV spectrum of IND. 

(d) See Comments on Preferred Values. 

Preferred Value 

k = 1.3 X 10- 14 cm3 molecule- 1 S-1 at 298 K. 
k = 8.4 x 10- 11 exp( - 2620/T) cm3 molecule -1 S-1 

over the temperature range 300-450 K. 

Reference 

Porter, Szabo and Townsend, 19621 

Vlln den Dergh llnd Troe, 19762 

Basco and Hunt, 19783 

CODATA, 19824
; IUPAC, 19S95 

Reliability 
~.log k = ± 0.4 at 298 K. 
fl(E/R) = ±600 K. 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 

(d) 

This data sheet is reproduced from our previous evalu
ation, CODATA, 1982.4 The results from Ref. 2 are pre
ferred over those from Ref. 3 because of a much wider 
range of conditions studied. 

References 

IG. Porter, Z. G. Szabo, and M. G. Townsend, Proc. Roy. Soc. A270, 
493 (1962). 

2H. Van den Bergh and J. Troe, J. Chern. Phys. 64, 736 (1976). 
3N. Basco and J. E. Hunt, Int. J. Chern. Kinet. 10, 733 (1978). 
4CODATA. Supplement I. 1982 (see referencess in Introduction). 
5IUPAC, Supplement III, 1989 (see referencess in Introduction). 
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MfO = 8.4 kJ'mol- 1 

Rate coefficient data 

k/cm3 molecule- 1 S-1 

Absolute Rate Coefficients 
1.7 x 10- 14 

Reviews and Evaluations 
2.9 X 10- 11 exp( -2600/T) 

Temp./K 

350 

298-400 

Comments 

(a) From the N02 catalyzed recomhination of iodine 
atoms, with 1 atoms being produced by laser flash 
photolysis of 12• Temperature dependence probably 
similar to that for the INa + INa reaction. 

Preferred Values 

k .... 4.7 X 10- 15 em3 moleeule- 1 5- 1 at 298 K. 
k = 2.9 X 10- 11 exp( -2600/T) cm3 molecule- 1 S-1 

over the temperature range 298-400 K. 

Reliability 
~log k = ± 0.5 at 298 K. 
~(E/R) = ± 1000 K. 

Reference Comments 

Van den Bergh and Troe, 19761 (a) 

CODATA, 19822; IUPAC, 19893 (b) 

Comments on Preferred Values 
This data sheet is reproduced from our earlier evalua

tion, rODATA, 19R2_2 The preferred value is hased on 
the measured rate constant at 350 K and an assumed 
value for E /R equal to that for the reaction INa + INa 
--?> 12 + 2NO. In the analogous reactions for other halo
gens this behavior appears to apply (see Ref. 1). 

References 

IH. Van den Bergh and J. Troe, J. Chern. Phys. 64, 736 (1976). 
2CODATA, Supplement I, 1982 (see references in Introduction). 
3IUPAC, Supplement III, 1989 (see references in Introduction). 

HOI + h., ~ products 

Primary photochemical processes 

Reactiuns 

HOI + hv --l> HO + I (1) 
--l> HI + Oep) (2) 
-- 10 T H (3) 
--l> HI + OeD) (4) 

Note: There are no thermodynamic data for HOI. 

Absorption cross-section data 

Wavelength range/nm Reference Comments 

300-475 Jenkin, 1991 1 (a) 

Quantum Yield Data 
There are no reported quantum yield data. 

J. Phys. Chern. Ref. Data, Vol. 21, No.6, 1992 
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Comments 

(a) The absorption spectrum of a short-lived product of 
the 254 nm modulated photolysis of H20 2-h-N2 mix
tures was assigned to HOI. The spectrum showed 
maxima at 335 nm and 410 nm. Absolute cross-sec
tions were based on the loss of h, measured by ab
sorption at 500 nm and assuming quantitative 
conversion to HOI. Evidence was found to support 
this assumption. Table of cross-sections averaged 
over 5 nm intervals was given. 

Preferred Values 

Absorption cross-sections at 298 K 

1I./nm 10211 u/cm2 1I./nm 10211 u/cm2 

300-305 0.02 385-390 11.8 
305-310 3.29 390-395 14.0 
310-315 5.80 395-400 16.7 

315-320 9.10 400-405 20.0 
320-325 12.9 405--410 22.8 
325-330 17.0 410-415 23.3 
330-335 20.6 415-420 21.9 

335-340 21.4 420-425 19.2 
340-345 19.5 425--430 16.2 
345-350 16.7 430-435 13.5 
350-355 14.3 435--440 11.0 
355-360 12.4 440-445 9.10 
360-365 11.0 445--450 7.50 
365-370 10.2 450-455 5.80 
370-375 9.90 455--460 4.11 
375-380 9.90 460--465 2.47 
380-385 10.4 465--470 1.10 

470--475 0.28 

Quantum Yields 
No recommendation. Reaction (1) is the most likely 

pathway for photolysis in the lower atmosphere. 

Comments on PrefelTed Values 
The recommended values for the cross-sections are 

those given by Jenkin,l which are the only available data 
for the gas phase. Confirmation of these data are re
quired. 

Reference 

1M. E. Jenkin, Ph.D Thesis, University of East Ang\ia (1991). 

10 + h v ~ products 

Reactions 

10 + h v -+ 1 + Oep) 
- I + OeD) 

Absorption cross-sections 

(1) 
(2) 

Preferred Values 

A./nm 101!! o/cm2 Mnm 

415--420 8.4 445--450 
420--425 9.3 450-455 
425--430 16.4 455--460 
430-435 2.9 460-465 
435--440 10.2 465--470 
440-445 3.1 

Primary photochemical processes 

IOU! o/cm2 

14.1 
4.0 

10.0 
4.2 
2.8 

249 
439 

480 
270 

Tempcrature dependence of the 10 absorption 
cross-section at 427.2 11111 

Tcmp./K 1017 u/cm2 

250 5.3 :!: 0.5 
273 4.3 :!: 0.4 
298 3.1 :!: 0.3 
317 2.3 :!: 0.2 
341 2.3 :!: 0.2 
373 2.1 :!: 0.2 
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Comments on Pre/ered Values 
Sander, 1 Stickel et al.2 and Cox and Coke~ all report 

the same value of (J = 3.1 X 10- 17 cm2 molecule- 1 for the 
4-0 band at a resolution of 0.27 nm or less. The preferred 
absorption cross-sections at 298 K are based on this 
value. 

The preferred values, which are averaged over 5 nm in
tervals, are based on the data reported by Cox and 
Coker.3 Stickel et al.2 pointed out an error in Table II of 
Ref. 3 where the listed (J' values averaged over 5 nm are 
a factor of 10 higher than the true values based on the 
data plotted in Figure 1 of that work. The atmospheric 
photolysis rate calculated from the tabulated data for a 
solar zenith angle of 400 (i.e., 0.3 S-I) is consequently a 
factor of 10 too high. Stickel et al.2 do not present aver
aged cross-section data, so it is not possible to utilize 
their measurements over the whole spectral range. 

Sanderl reported cross-sections at the head of the 4-0 
band measured at six temperatures in the range 250-

373 K. A strong temperature dependence is apparent at 
temperatures < 317 K, with (J increasing with decreasing 
temperature. 

No recommendation is given for the quantum yield. 
Durie and Ramsay4 report extensive predissociation in 
the A -X progression of 10; therefore the quantum yield 
for process (1) is probably unity throughout the wave
length region of the preferred (J' values. 

The preferred values are unchanged from our previous 
evaluation.s 

References 

IS. P. Sander, J. Phys. Chern. 90, 2194 (1986). 
2R. E. Stickel, A. J. Hynes, J. D. Bradshaw, W. L. Chameides, and D. 
D. Davis, J. Phys. Chern. 92, 1862 (1988). 

3R. A. Cox and G. B. Coker, J. Phys. Chern. 87, 3378 (1983). 
4R. A. Durie and D. A. Ramsay, Can. J. Phys. 36,35 (1958). 
5IUPAC, Supplement III, 1989 (see refercncess in Introduction). 

INO + hv ~ products 

Reactions 

INO + h v - I + NO 

Wavelength range/nm 

360-460 
360-460, 220-320 
360-400, 220-320 
360-460, 220-320 

Quantum Yield Data 
No data are available. 

Primary photochemical transitions 

MfO/kJ'mol- 1 

72 

Absorption cross-section data 

Reference 

Porter, Szabo and Townsend, 19621 

Van den Bergh and Troe, 19762 

Basco and Hunt, 19783 

Forte, Hippler, and Van den Bergh, 19814 

1650 

Comments 

(a) 
(b) 
(c) 
(d) 

Comments (c) Flash photolysis of Il in the presence of NO. Values 
derived from an analysis of the mechanism. 

(a) Flash photolysis of 12 in the presence of NO. Inade
quate interpretation of the mechanism, and the cited 
values are therefore uncertain. 

(b) Laser flash photolysis of h in the presence of NO. 
Values have been confirmed by later work of Refs. 3 
and 4. 

J. Phys. Chem. Ref. Data, Vol. 21, No.6, 1992 

(d) Spectroscopic investigation of the h + 2NO ~ 21NO 
equilibrium. The results are in very good agreement 
with Refs. 2 and 3. 
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Preferred Values 

Absorption cross-sections at 298 K 

A/nm 

230 
235 
238 
245 
251 
260 
270 
300 
360 
370 

Reactions 

IN02 + h v - I + N02 

1.4 
5.3 
7.0 
6.5 
5.9 
2.4 
1.0 
0.09 
0.045 
0.059 

A/nm 

380 
390 
400 
410 
420 
430 
440 
450 
460 

0.065 
0.078 
0.92 
1.10 
0.10 
0.094 
0.080 
0.060 
0.040 

Comments on Pre/erred Values 
This data sheet is reproduced from our previous evalu

ation, CODATA, 1982.5 The values are the averages from 
the data of Refs. 2-4. The deviations between the results 
of these studies are only small. No quantum yield data are 
available. Presumably the photolysis quantum yield is 
unity over the whole wavelength range. 

References 

IG. Porter, Z. G. Szabo, and M. G. Townsend, Proc. Roy. Soc. (Lon-
don) A270, 493 (1962). 

2H. Van den Bergh and J. Troe, J. Chern. Phys. 64, 736 (1976). 
3N. Basco and J. E. Hunt, Int. J. Chern. Kinet. 10, 733 (1978). 
4E. Forte, H. Hippler, and H. Van den Bergh, Int. J. Chern. Kinet. 13, 

1227 (1981). 
5CODATA, Supplement I, 1982 (see references in Introduction). 

IN02 + hv ~ products 

Primary photochemical processes 

M:fO/kJ·rnol- 1 

77 1560 

Absorption cross-section data 

No absorption spectrum has been detected to date, although the spectrum has been searched for in the NOz-cata
lyzed recombination of iodine atoms.l It is presumed that 0"(IN02) < 0"(N02) over the wavelength range 250-600 nm. 

References 

IH. Van den Bergh and J. Troe, J. Chern. Phys. 64, 736 (1976). 

Reactions 

ION02 + hv - 10 + N02 

- I + N03 

- IONO + Oep) 
- IONO + OeD) 

(1) 
(2) 
(3) 
(4) 

Note: There are no thermodynamic data for ION Oz. 

No experimental data are available. 

Quantum yield data 
No experimental data are available. 

Preferred Values 

ION02 + h v ~ products 

Primary photochemical processes 

Absorption cross-section data 

Neither qualitative absorption spectra or absolute 
cross-sections have been measured for ION02• It is sug-

gested that in the absence of experimental data the ab
sorption cross-section data for BrON02 be used (this will 
probably lead to an underestimate of the ION02 photol
ysis rate J as the ION02 spectrum is expected to be red
shifted relative to the BrON02 spectrum by - 50 nm). 
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5. Appendix 1 Enthalpy Data* - Continued 

Enthalpy Data· 

MiF(298) MIf(O) 
Species kJ'mol- 1 kJ'mol- 1 Reference 

Mlf(298) M/"t(0) 
Species kJ'mol- 1 kJ'mol- 1 Reference CH3CHO -165.8 7,8 

C2HsO -17.2 4 
H 217.997 216.024 1 C2~OH -34 5 
H2 0 0 1 CH3CHOH -63.6 4 
0 249.17 246.78 1 C2HsOH -234.8 7,8 
OeD) 438.9 436.6 2 (CHO)2 -211.9 7,8 
O2 0 0 1 CH3C02 -207.5 4 
02ea) 94.3 94.3 2 CH3C02H -432.04 7,8 
02eI) 156.9 156.9 2 C2Hs02 -28.7 38 
03 142.7 145.4 3 CH3OOCH3 -125.7 7,8 
HO 39.3 39.0 4 CH3C(0)02 -172 38 
H02 14.6 4 C2HsONO -103.8 7,8 
H2O -241.81 -Z38.n 1 C2HSUNU2 -154.0 7,8 
H20 2 -136.32 -130.04 3 C2Hs0 2N02 -63.2 45 
N 472.68 470.82 1 CH2 = CHCH2 163.6 4 
N2 0 0 1 C3~ 20.2 7,8 
NH 352 .5.5 n-C3H7 100.7 54 
NH2 185.4 188.4 4 i-C3H7 89.0 51 
NH3 -45.94 -38.95 1 C3Hs -104.5 7,8 
NO 90.25 89.75 3 CH3COCH2 -23.9 4 
N02 33.2 36 3 C2HsCHO -187.4 7,8 
N03 64.4 34 CH3COCH3 -217.2 7,8 
N20 82.05 85.50 3 C3H6OH -74 5 
N20 4 9.1 18.7 6 n-C3H70 -41.4 4 
N20 S 5.0 34 i-C3H7O -52.3 4 
HNO 99.6 102.5 6 i-C3H7OH -272.5 7,8 
HN02 -79.5 -74 3 CH3COCHO -271.1 7,8 
HN03 -135.06 -125.27 3 C3Hs02 87.9 38 
H02N02 -57 10 i-C3H702 -68.9 38 
CH 596.35 4 n-C3H7ON02 -174.1 7,8 
CH2eB1) 392.5 4 i-C3H7ON02 -190.8 7,8 
CH2(lA1) 430.1 4 CH3C(0)02N02 -258 47 
CH3 146.0 51 S 276.98 274.72 1 
C~ -74.81 -66.82 3 HS 143.0 29 
CN 435 4,6 H2S -20.63 -17.70 3 
HCN 135 6 HSO -4 23 
HCO 37.2 4 SO 5.0 5.0 6 
CH20 -108.6 -104.7 2 HS02 -222 25 
CH30 17.6 4 S02 -296.81 -294.26 1 
CH20H -25.9 4 HOS02 -385 26 
CHJOH -201.6 7 so) -395.7 -390 3 
CO -110.53 -113.81 1 HSNO 94 48 
NCO 159 6 CH3S 124.6 29 
COOH -223 4 CH3SH -22.9 41 
HCOOH -378.8 371.6 7 CHjSCHl 135.1 30 
CH30 2 10.4 38 CH3SCH3 -38.1 30 
CH300H -131 6 CS 272 268 9 
HOCH20 2 -162.1 38 CH3SO -67 42 
CH3 ONO -65.3 5 OCS 142 142 3 
CH3ON02 -119.7 5 S2 128.49 128.20 1 
CH30 2N02 -44 10 CH3SS 68 9 
CO2 -393.51 -393.14 1 CH3SSCH3 -24.3 9 
C2H 565 4 CS2 117.2 116.6 3 
C2H2 228.0 7 HOCS2 110.5 49 
C2H3 279.9 33 F 79.39 77.28 1 
C2H4 52.2 7 HF -273.30 -273.26 1 
C2Hs 118.5 51 HOF -98 -95 6 
C2~ -84.0 7 FO 109 109 5 
CH2CN 244.8 4 F02 26.1 28 
CH3CN 64.3 8 FONO 67 57 
CH2CO -47.7 56 FN02 -108.8 10 
CH3CO -24.3 4 FON02 10 18 6 
CH2CHO 12.6 4 CH2F -31.8 4 
CH=CHOH 115 43 

J. Phys. Chem. Ref. Data, Vol.· 21, No.6, 1992 



Species 

CH3F 
CH3CH2F 
HCOF 
FCO 
F2 
CHF2 

CH2F2 

CH3CHF2 

CF2 

COF2 

CHF3 

CF3 

CH2CF3 

CH3CF3 

CH2FCHF1 
CF3COF 
CF30 2 

CF301N01 
CF4 

Cl 
HC! 
HOCI 
CIO 
ClOO 
OCIO 
sym-CI03 

CINO 
CIN02 

CIONO 
CION02 

CH2CI 
CH3CI 
CHF2CI 
CH3CHFCI 
CH3CF2C1 
CICO 
COFCI 
CFCI 
CF2CI 
CF2CI02 

CF1CI02N02 

CF3Cl 

Ch 
CI20 
Ch02 
Clz03 
CCh 
CHCb 
CH2Ch 
CHFClz 
COCh 
CFclz 
CFCh02 
CFchozN02 

CF2Ch 
CH1CICFzCI 
CF3CHCl2 

CFzCICHFCI 
CFzCICFzCI 
CCh 
CCh0 2 

CChOzNOz 
CHCh 
czHch 
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Enthalpy Data* - Continued 

M-lf(298) 
kJ-mol- 1 

-232.6 
-263 

-171.5 
o 

-238.9 
-453 
-501 
-194.1 
-634.7 
-697.6 
-467.4 
-517.1 
-748.7 
-691 
-785 
-614 
-686 
-933 

121.30 
-92.31 
-78 
102 
97.5 

101 
232.6 
51.7 
12.5 
56 
22.9 

121.8 
-82.0 

-483.7 
-313.4 
-536.2 
-17 

-427 
-20 

-269.0 
-406.5 
-471 
-707.9 

o 
81.4 

130 
142 
239 
98.3 

-95.4 
-284.9 
-220.1 
-89.1 

-213.7 
-277 
-493.3 
-543 
-740 
-724 
-925.5 

71.1 
-11.3 
-86.2 

-103.3 
-7.8 

M-l'l(0) 
kJ'mol- 1 

-392.5 
-172.1 

o 

- 631.6 

-927 
119.62 

-92.13 
-75 
102 

104 

53.6 
18.0 

-74.0 

-423 

-702.9 

o 
83.2 

-88.5 

-218.4 

-489.1 

69.9 

-4.3 

Reference 

37 
16 
31 
6 
1 
4 

16 
16 
4 
3 

16 
4 
4 

18 
18 
16 
38 
45 
11 
1 
1 

2,14 
2,12 

15 
27 
35 
6 
3 

10 
36 
24 
11 
17 
18 
18 
5 
6 

16 
4 

38 
53 
17 

1 
13 
22 
39 

4 
24 
11 
17 
2 

24 
38 
53 
17 
16 
16 
16 
18 
32 
38 
53 
6 
3 

Species 

CH3CCb 
CFCh 
CFzCICFCh 
CCl4 

C2CI4 

Br 
HBr 
HOBr 
BrO 
BrNO 
BrONO 
BrN02 

BrON02 

CH2Br 
CH3Br 
CF3Br 
CF2C1Br 
BrCI 
Br2(g) 
CHBr2 

CFzBr2 
CF2BrCF2Br 
CHBr3 
I 
HI 
10 
INO 
IN02 

CH21 
CH3I 
Hg) 

Enthalpy Data* - Continued 

M-lt'(298) 
kJ'mol- 1 

-144.6 
-284.9 
-726.8 
-95.8 
-12.4 
111.86 

-36.38 
-80 
125 
82.2 

103 
63 
47 

169.0 
-38.1 

-650 
-438 

14.6 
30.91 

188 
-379 
-789.9 

23.8 
106.762 
26.36 

107 
121.3 
60.2 

230.1 
14.2 
62.421 

M-l'l(0) 
kJ-mol- 1 

-281.1 

-93.6 
-11.9 
117.90 

-28.54 

133 
91.5 

22.1 
45.69 

124.3 
66.5 

Reference 

18 
17 
18 
11 
6 

1 
5 
3 
3 

40 
44 
10 
24 
19 
16 
16 
6 
1 

24 
16 
18 
19 

1 
50 
20 
20 
4 
7 
1 

*Most of the thermochemical data have been taken from evaluations or 
from reviews. In some cases, we have selected more recent experimen
tal data which appear to be reliable. 
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